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Abstract
Indoor mold may cause asthma and other respiratory symptoms; however, no
study has been conducted in homes in Memphis. This study aims to monitor indoor mold
exposure and explore its relationship to respiratory symptoms/illnesses. Environmental
monitoring was conducted in 15 homes (9 with visible mold and 6 without) in Shelby
County. Indoor environmental samples included ground and air vent dust, volatile
organic compounds (VOCs), real-time particulate matter (PM), CO2, relative humidity
(RH), and temperature. In laboratory, mold in dust samples were analyzed using an
Endpoint PCR and VOCs on a thermal desorption-gas chromatography/mass
spectrometry (TD-GC/MS) system. No association was found between detected and
reported mold. Neither we found statistically significant association between
environmental exposure and reported respiratory symptoms. These findings need to be
confirmed by future studies with larger sample sizes and geographic coverage.
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Chapter 1
Introduction
Asthma is considered one of the most prominent public health issue (EPA, 2016).
Asthma is a lung disease which limits normal breathing, caused by inflammation of lung
tissue and constriction of the lung air ways (NIH, 2011). Respiratory health effects
caused by asthma include some of the following: breathlessness, wheezing, coughing,
and tightness of chest (NIH, 2011).
In United States alone approximately $56 billion dollars in economic cost is
caused by asthma, directly and indirectly (CDC, 2013). Although trigger of asthma can
come from many different sources, asthma often develops in early childhood; and a
recent study has associated infant exposure to moisture damage indoors can be a
precursor for asthma development (Karvonen et al., 2015). Additional research has
provided evidence that moisture with the presence of visible mold spots, and more so
numerous mold spots greatly increases the odds of developing asthma, and increases the
severity of asthma (Mendell & Kumagai, 2016).
Fungi are eukaryotic organisms classified in their own kingdom different from
plants and animals. One form of multicellular fungi is known as molds. Molds presence
can be found in every corner of the world and often go unnoticed to the naked eye
(Reponen et al., 2010). They have a unique property of adapting to a large-scale
temperature range and climate variations. The most optimal temperature and
environmental setting for mold growth is a damp (humid), warm environment that
remains unchanged for an extended time period; a possible characteristic of indoor
environments (CDC, 2014). Additionally, molds tend to spread microscopically by

1

releasing mold spores. For these reasons, molds are often linked to asthmatic attacks and
mold allergies, where the sensitivity of the immune response is heightened from the
presence of mold particles entering in the body; almost exclusively through inhalation
route (AAFA, 2015).
Memphis is a metropolitan city in the south-west corner of Tennessee, located
near the running edge of the Mississippi river. Due to the geographic location, largescale
human activities, and prominent low SES (Socioeconomic status) population, Memphis
often is ranked among the lowest in respiratory health. WebMD ranked Memphis as the
#1 asthma capital in the United States (Seidu, 2015). Among the Memphis population
that has asthma, African Americans have higher prevalence of asthma than other ethnic
groups (AAFA, 2006). In fact, African Americans have the largest ratio of population
with asthma, with a 1 in 9 total; and the numbers are continually climbing as African
Americans (AA) account to almost 50% of all new cases of asthma (AAAAI, 2016). AA
population is one of the largest ethnic groups living in Memphis today (United States
Census, 2015). Memphis was also ranked #20th in the worst cities with respiratory
infections (Schraeder, 2016). The SES problem, coupled with one of the poorest housing
infrastructure and distribution of population cluster in certain areas of Memphis, indicates
an environmental justice issue that directly ties with mold exposure and respiratory
illnesses.
The high prevalence of asthma and other respiratory diseases/symptoms in
Memphis is attributed to both outdoor and indoor air quality. Mold is considered a key
factor that contributes to adverse respiratory health effects for Memphis citizens, because
the warm, humid climate provides a haven for mold settlement, and proliferation.
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Memphis humidity percentage often ranges between high-50s to mid-80s; and according
to EPA, to reduce mold presence, the humidity percentage should range between 30s to
60s (EPA, 2015).
The EPA has not set any regulations or standards for aerial mold contaminants.
The guidelines set to reduce the impact of mold and allergens in residents is not publicly
know, and therefore, residents must actively search for this information. Until visible
mold is observed, most residents do not seek a solution (EPA, 2016). These short sights
leave residents the problems in understanding, containing, and eliminating molds from
their homes. With zero regulations and high prevalence of respiratory disease/symptoms,
Memphis occupants with mold and allergens are at a higher risk of developing respiratory
problems. Fortunately, the presence of molds in homes can be dealt with, if the proper
steps are taken.
Study Objectives
The overall objective of this research is to monitor and test mold in Memphis
homes, and explore the possible link of mold exposure to respiratory symptoms and
diseases among occupants. There are two specific objectives.
1. Monitor and analyze for prominent mold species known to cause respiratory
health effects from dust and air samples in residential Memphis homes.
2. Examine the association between exposure to household mold and residents’
respiratory symptoms and diseases.
Hypothesis: Homes with reported mold issues have higher contamination of mold than
those without reported mold issues. Presence or degree of indoor mold pollution is
associated with severity of respiratory diseases.
3

Justification of Research
Asthma a lifelong illness, continues to rise in America every year, with current
number of people living with asthma being 1 in 12. Even though the main trigger and a
source of asthma disease, first and second hand smoking exposure has been greatly
reduced; however, prevalence of asthma continues to be prominent, baffling researchers
and shifting efforts towards mitigating the symptoms and asthmatic attacks (CDC, 2013).
More people today, especially children, spend most of the day indoors; since mold
presence is all around, mold exposure indoors can be one of the largest sources that
trigger an asthmatic attack more frequently and with more severity. Triggered asthma can
jeopardize the normal life of a person, which can create medical and financial burden to
oneself, family and society.
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Chapter 2
Literature Review
Location
Differing living and working locations have varying environmental factors that
are associated with the presence of asthma and other respiratory diseases. Community
environment, schools, and other surrounding facility locations play an important
environmental factor in the strength of predisposing oneself to asthma. Regions of dense
populations, like inner-cities and low SES areas, have a high association to asthma and
other respiratory diseases. The lack of space between industrial locality, orderliness, and
cleanliness of an environment produces an atmosphere that is habitual for rodents and
roaches, and the presence of rodent allergens has been discovered to be higher in urban
settings than in suburban areas or homes (Matsui, 2013). Asthma and respiratory
occurrence can also increase from domesticated pets, as well as tobacco use
(Kanchongkittiphon, Gaffin, & Phipatanakul, 2014).
One study showed that inner-city schools with mouse allergen exposure had a
high number of children missing school due to asthma-related reasons. These allergens
were found in mouse droppings, which correlated to high allergens and irritants in the
dust and air which our coupled with mold exposure. The level of allergens present in this
urban school setting was higher than the exposure of mouse allergens in the homes of
those children due to high food exposure in the school cafeteria or kitchen, and lack of
sanitation in older buildings. Similarly, cockroaches were seen to have a similar affect
because they often dwell in urban and densely populated areas with a lack of space and
cleanliness. Older buildings and houses in low SES areas have the highest levels of
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cockroach allergens, and studies show an association of high asthma rate in children with
high cockroach allergen exposure (Kanchongkittiphon, Gaffin, & Phipatanakul, 2014).
The aspect of this research indicates that multiple venues of allergies additionally
contribute to the effects of mold exposure. In addition, dust mites, which can have mold
presence, have shown to have the same effects, but at a larger exposure area because the
dust mites are easily air borne. Dust mites are associated with high humidity levels
caused by nearby body of water, which is where many densely populated urban
communities are located and therefore, become a prime location for developing asthma
problems. In indoor settings, these different avenues of exposure accompany mold,
considered to be, one of the big three sources for asthma, allergies, and other respiratory
reactions (Cremeri, Garbani, Rhyner, & Huitema, 2013). Even locations such as daycare
centers, where cleanliness is a must, mold and allergens can still be present; jeopardizing
children who are most vulnerable with reduced supervision, and underdeveloped immune
systems (Sheehan & Phipatanakul, 2016).
Air pollution is also regarded as an additional factor for the development or
aggravation of asthma and allergic diseases. This is seen through investigating the
amount of air pollution that infants, less than a year old are exposed to and comparing
that to the development of asthma and allergic diseases/symptoms. Studies have shown
that when infants were exposed to carbon monoxide during their first year of life, then
developing allergic rhinitis and leading to other respiratory illnesses is a risk (Kim et al.,
2016). A different study shows that climate change has caused an increase in total CO2
levels, which has led to warmer temperatures ideal for mold proliferation and fungal
spores. Since the exchange of ambient air and indoor air is always present, this may
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exchange may lead to an increase chance of initial mold exposure and settlement in
homes (Wolf, O’Neill, Rogers, Muilenberg, & Ziska, 2010).
In another setting, farmers that are occupationally exposed to many respiratory
hazards in their workplace, display higher rates of asthma and respiratory symptoms than
other occupations. The workplace environment contains higher levels of dust that is
produced from poultry residues, molds, and feathers, and in turn, increases the risk of
adverse respiratory problems. Due to the biologically active state of the dust containing
microorganisms, many clinical problems can arise, like asthma, chronic bronchitis,
chronic airways obstructive disease (COPD), allergic alveolitis, and organic dust toxic
syndrome (Viegas et al., 2013). In addition, rural areas have been studied to see how the
environment influences the lung function of children in comparison to inner-city areas.
The European Community Respiratory Health Survey compared how upbringing in
certain living conditions may have differing outcomes in lung function health. The study
suggested that individuals with early-life farm exposure had lower atopic asthma than
those who were raised in a city environment (Campbell et al., 2016). Therefore, there
may be beneficial effects of this environment due to the development of atopic allergic
sensitization to pollen and other particles that are not seen as prevalent in urban
upbringing. Mold contaminants in dust could contribute to the rural sensitization.
Exposure
Many researches show that mold exposure can come from many sources: outdoor
air, rotten food exposure, and indoor plants (CDC, 2015; EPA, 2016). One research
showed that Alternaria and Cladosporium, two species of mold, are affluent in indoor
settings, in part by the exchange of outdoor and indoor air. Outdoor exposure is therefore
7

a prominent factor in indoor exposure of certain molds (Fukutomi & Taniguchi, 2015).
Exposure from other sources can come from toxins created by home appliances and
lifestyle habits, that play a role in predisposing individuals to respiratory problems as
well. Pollutants from gas combustion caused by using home appliances can increase the
likelihood of exposed individuals’ in developing initial sensitization to house dust mite
(HDM), and atopic asthma (Ponsonby et al., 2001). This may cause the individual’s
airway system to obstruct due to the presence of dust mite, and therefore, causing
respiratory disease symptoms. However, specific evidence concluding that
infant exposure to HDM exclusively and the development of allergic disease does not yet
exist. Findings do show that HDM-sensitized children may be more likely to have
obstructed airways in the presence of indoor pollutants. This can be caused by unflued
gas appliances that use burning gas fuel (Ponsonby et al., 2001). Exposure of mold cause
similar asthmatic and respiratory reactions to children and infants whose exposure is
mainly attained from their bedroom, living room and kitchen; areas where most time is
spent for them. The vulnerability in underdeveloped immune system, smaller lung
surface area, and closer mold exposure from ground area, gives children a higher chance
in experiencing and developing respiratory diseases/symptoms (Karvonen et al., 2015).
Mold exposure is often accompanied with particulate matter (PM) exposure.
Currently, great strides in monitoring particulate matter in ambient air have been made by
EPA, such as the air monitoring in metropolitan New York city and the association of
respiratory cardiovascular chronic diseases. PM exposure in ambient air can be less
dynamic in concentration and exposure in comparison to indoor air in residential homes.
Coupling the fact that people spend more times indoors, EPA and other agencies are
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seeking to put more effort, in finding a systematic approach to monitor the more
prominent indoor environment (Weber, Insaf, Hall, Talbot, & Huff, 2016).
A systematic analysis risk assessment mentioned that air pollution and particulate
matter exposure is considered the third biggest contributor to morbidity, from the
combination of outdoor and indoor air quality (Lim, 2010). Fetuses also contribute to this
statistics as maternal PM exposures can impair normal lung growth in the utero and lung
function once born (Paulin & Hansel, 2016).
Volatile organic compounds and other aerial chemicals can show a synergetic
effect with mold exposure increasing the likelihood and severity of respiratory diseases
(Mendell, 2007). Studies on nitrogen dioxide levels may indicate the risk of developing
respiratory illnesses. When studying exposure in low SES areas, Diette et al., (2007)
discovered that children with asthma had higher levels of nitrogen dioxide exposure in
their inner-city homes. This is caused from exposure of nitrogen dioxide emitted from
appliances such as gas stoves, heaters, as well as poorly ventilated furnaces and fireplaces
often found in older urban buildings. Another study indicated a relationship between
nitrogen dioxide exposure, in bedroom air circulation, at a level of 4-169 ppb to
respiratory illness amongst those living in that environment. In comparison, NO2 levels
present in living rooms show a similar but non-significant relationship (p> 0.10) to
respiratory illnesses (Melia et al., 1985). This may be a result of the amount of time an
individual spends in each setting. In contrast, evidence showing exposure to indoor NO2
on aggravating asthma symptoms in children seem to be weak. More vulnerable
populations like infants and the elderly may in fact be more susceptible to developing
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respiratory illness from exposure to NO2; therefore, there needs to be further studies to
conclude these results (Melia et al., 1985).
Furthermore, domestic pets like cats and dogs carry allergens in their fur and
mouths and leave high amounts of allergens in areas that have carpeting and upholstery.
The lifestyle choice of inhabiting with domestic pets and their relationship to asthma
related problems is conflicting. This is possibly due to factors corresponding to age at
which allergen exposure first occurs, ultimately causing different development of
allergen sensitization at an older age. Other studies support an association of increased
pet exposure to increased asthma severity and increase asthma mediation usage (Gent et
al., 2009).
Status
Unhealthy and complex living situations exist in low socio-economic areas,
where affordable care, proper education, and maintenance of home and health often
remains unresolved. Families living in poverty and low SES areas are often exposed to
indoor fungal contamination. This exposure has been associated with infectious diseases,
toxic effects, allergies, and occur simultaneously with other exposure sources. Resolving
possible respiratory problems due to fungal and mold growth in these homes is
multifaceted because of the high diversity of species in indoor environments found in
areas like hospitals, homes and workplaces (Méheust et al., 2013). In conjunction, these
regions often lack the proper exposure of education relating to resolving respiratory
problems through allergen-specific immunotherapy (Peterson, 2010). Treatment for
airway obstruction was facilitated through a study by giving out subcutaneously
administrated immunotherapy (SAI) against house dust mite and grass pollen allergy. The
10

results indicated that there was a significant association with SAI to education levels in
individuals, as well as factors like severity of disease and age. Those who had a
university education were more likely to participate in the study, and believe they needed
SAI (Peterson et al., 2010). In addition, an association between low socio-economic
housing with over-crowding, lack of piped water, and poverty in conjunction with
respiratory infections has been concluded. The factor of improper housing ventilation and
use of woodstoves in low SES Alaskan Native households showed higher respiratory
symptoms in children compared to general US households, which had less crowding and
less exposure to volatile organic compounds (Singleton et al., 2016). The combination of
multiple sources of different exposures are shown to be most prevalent among low SES
populations, which causes mold exposure and sequentially its health effects to have a
higher chance than high SES populations.
Natural
Different ethnic groups have disparities in respiratory problems, which are
sometimes associated with socioeconomic status. A study conducted in United Kingdom
shows that less antidepressant medications are prescribed in communities where people
of African American and Asian backgrounds reside, which is also amongst a population
of higher prevalence of obstructive pulmonary disease (Walters, Ashworth, & Tylee,
2008). This negative association between ethnic minority and administration of
prescription medications may be a result of difference in provision of care and unequal
access to health care in the community. Depression is believed to have an association
with chronic respiratory disease, which can be caused by additional physical illness and
social deprivation (Walters, Ashworth, & Tylee, 2008). There is also an association of
11

genetic tendencies for asthma amongst overrepresented ethnic groups that live in low
SES regions (Almqvist, Pershagen & Wickman, 2005). The same lack of interventions
associate with mold exposure and its health effects.
Certain personal lifestyle choices and habits are also associated with communities
that are considered as low SES. These areas have an increase in tobacco exposure which
causes respiratory diseases and symptoms. Multiple studies show that inner-city homes in
densely populated communities have many children exposed to Environmental Tobacco
Smoke (ETS), in which 50% have asthma. Within 60% of those homes, it is the mother
or caregiver who smokes. Maternal smoking during pregnancy leads to abnormal lung
function in infancy that causes further respiratory problems later in adulthood
(Kanchongkittiphon, Gaffin, & Phipatanakul, 2014). This predisposition is not
preventable for those children who are exposed to tobacco during gestation. These
lifestyle choices additively contribute to the severity of mold exposure health effects.
Indoor Mold Trigger
Environmental factors are shown to have a causal relationship with asthma and
other respiratory illnesses (EPA, 2015). However, specific triggers are components of
these environmental factors, that play a deeper role with respiratory health. Indoor mold
exposure has been studied countless times with backing of scientific data; acknowledging
that exposure can lead to increase severity of asthma shown by human intervention and
mouse trials (Karvonen et al., 2015; Kumar, Herbert, & Foster, 2016). Mold carries few
traits that can create a harsh atmosphere if given the chance to be biologically exposed.
Mold exposure does not necessarily have to be from visible mold; exposure can also
come from invisible mold such as microscopic mold spores (Reponen et al., 2010).
12

Another major trait of mold’s potency is that mold can attribute to asthma, allergies and
other respiratory illnesses in all age groups, and can also cause nonallergic reaction
without activating immunoglobin-E (Lichtenstein, et al., 2015). Gent and colleagues did a
study to the see the casual relation between exposure of indoor mold and the respiratory
health impact on infants in their first year of life. The results indicated that high risk
homes with exposure to high levels of molds would have significant impact in developing
respiratory illnesses (Gent et al., 2002). Additionally, a European study in 2002 focused
on housing characteristics, with reported mold exposure and the presence of asthma and
other respiratory illnesses in adults through a community survey. The comprehensive
research from 38 study centers across the European continent concluded several results.
First, home environment may have an association with onset of respiratory symptoms.
For example: carpet, rug, flooring, and air circulation may contribute to the overall
respiratory health in adults. Second, exposure of visible mold has shown a strong positive
relationship with asthma and other respiratory illnesses. Vice-versa, higher prevalence of
asthma & respiratory illnesses was reported more from mold exposure (Zock, Jarvis,
Luczynska, Sunyer, & Burney, 2002). The compiled review by Mark Mendell and
colleagues was a positive reinforcement that mold and dampness exposure was
consistently associated with respiratory health, disregarding if the occupants were allergic
or non-allergic. Mold and dampness are often mutually inclusive, as mold and dampness
often accompany each other. Children were concluded to have more severe onset and
persistent asthma, with at least a causal relationship from mold exposure (Mendell, Mirer,
Cheung, Tong, & Douwes, 2011). Although infant and children are more susceptible to
mold and dampness exposure, young adults’ impact from mold exposure can be
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proportionally equal to children’s exposure. The build quality in college environment,
and average occupation in cheaper living spaces, predisposes young adults with the same
proportional health effects as the younger age groups (Lanthier-Veilleux, Généreux, &
Baron, 2016). Meta data-analysis further provides evidence that indoor mold and
dampness could increase respiratory and asthma symptoms by roughly 50% in adults
(Fisk, Lei-Gomez, & Mendell, 2007). The indicated health effects of mold exposure often
attribute to people who are awake; but on average people sleep 8 hours. Exposure from
mold continues even during sleep, noted by Tiesler and colleagues; as children, can suffer
from respiratory illnesses, as well as interrupt natural sleep patterns (Tiesler et al., 2015).
A qualitative analysis on mold can be done by targeting the species of mold, its
exposure, and the health outcome. Studies have shown that total mold concentration in
homes is not a proper indicator in possible respiratory effects, but rather caused by
specific species of mold such as Alternaria, Cladosporium, etc. (Lin et al., 2016). Anna
Pomés and colleagues review on indoor allergens covered a wide variety of sources and
the potential allergic respiratory diseases associated with the exposure. Focusing on
fungal exposure, genera were separately evaluated on their prevalence and association
with asthmatic and allergic respiratory diseases. Alternaria alternate, and Aspergillus
fumigatus have a strong and moderate association with asthma respectively (Pomés,
Chapman, & Wünschmann, 2016). Gent and colleagues study done between 1998-2000
in both Connecticut and western Massachusetts focused on two prominent respiratory
problems- persistent cough and wheezing. Two prominent genera of molds were
observed Penicillium and Clasdosporium, to contribute to the respiratory reactions (Gent
et al., 2002). However, there is one aggressive mold species, that is often found visibly in
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homes, and is considered very toxic; this mold is called Stachybotrys Chartarum,
commonly known as black mold. Black mold is known to produce mycotoxin metabolites
which is linked to numerous adverse health effects in humans. It is also considered to be
a possible link in infant idiopathic pulmonary haemosiderosis, which causes a bleeding
effect in infant lungs from increase of iron concentration in the respiratory track and
reduction in number of red bloods cells carrying rich oxygenated blood to the body
(Došen, Andersen, Phippen, Clausen, & Nielsen, 2016). The known effects of S.
Chartarum documented by animal lab testing include: respiratory inflammation, allergic
reactions and cytotoxicity throughout respiratory tract (Pestka, Yike, Dearborn, Ward &
Harkema, 2008). To put in perspective, demographic differences and observational mold
presence play little role on mold’s impact on respiratory health. The type of mold species
is the real indicator of potency on respiratory health. Meklin and colleagues, addressed
that to identify indoor mold problems most thoroughly, visually confirmation, with
analysis from air and ground samples, along with moisture testing would most accurately
identify the extent of mold exposure (Meklin et al., 2004).
Volatile Organic Compounds
Volatile Organic Compounds (VOCs), are a large group of compounds that easily
turn into gas because of their high vapor pressure (EPA, 2016). In an open area, such as
outdoors, VOCs are usually not of concern unless there are high concentrations in the
vicinity, that can be inhaled. Indoor VOCs however can accumulate in high
concentrations. Among many indoor microenvironments, home environment generally
have greater VOC concentrations; which could lead to higher chances of adverse health
effects such as acute effects like poisoning to even chronic effects like cancer (Tagiyeva
15

& Sheikh, 2014). With the increasing trend of staying more indoors, the exposure to
VOC levels increase significantly which may cause health effects, particularly in the
respiratory system (Rösch, Kohajda, Röder, Bergen, & Schlink, 2013). Indoor VOCs’
adverse health effects are caused by three main points: ventilation rate of the enclosed
area, source emissions indoor, and exposure time of person indoor (Rösch et al., 2013).
VOCs have been linked to allergic and other respiratory illnesses in laboratory settings
done on mice; where mice cells become stressed upon exposure which then causes an
immune response (Bönisch et al., 2012). Similar results have shown, with Nurmatov and
colleagues systematic review, which brought forth evidences where VOCs increased
immune response in mice cells that are equivalent to human cells, and that removing
sources of indoor VOCs almost always reduce asthmatic attacks and other respiratory
responses (Nurmatov, Tagiyeva, Semple, Devereux, & Sheikh, 2015). Ventilation rates
may be adjustable indoors to lower exposure of VOCs by taking few steps such as:
opening windows, cleaning air ducts, replacing air filters on a regular basis, and opening
doors in between rooms. However, the key factor of VOC exposure are the source points
indoors. Indoor VOC sources include but are not limited to: cleaning chemicals, pest
controls, cooking, carpets, air refreshers, cigarette smoking, and paints- both from walls
and stored containers (Bello, Quinn, Perry, & Milton, 2010; Bönisch et al., 2012;
Nurmatov et al., 2015). With abundance of VOC sources, concentration yield of VOCs
can continually increase from certain activities like regularly using cleaning reagents, and
increasing gas stove cooking times. (Bello et al., 2010). Some of these activities such as
cooking and smoking are also source exposures that can trigger asthmatic symptoms.
Cleaning reagents, specifically liquid aerosols, have shown during the initial use to
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produce extreme levels in VOC for a time period that can agitate asthmatic conditions
(Bello et al., 2010). Although, cleaning reagents are a prominent indoor source of VOC
exposure that can cause respiratory reactions, perfumes with strong scents are agents that
create and may increase the severity of asthmatic attack (Jaén & Dalton, 2014). Chin and
colleagues research investigated VOC levels in homes with children diagnosed with
asthma. The levels of VOC present can trigger a respiratory reaction and high enough
levels can exceed the threshold limits to be carcinogenic (Chin et al., 2014).
Particulate Matter
Particulate Matter, referred to as PM are dust size matter that constitute both sold
and liquid matter that are normally categorized in three different sizes 2.5 micron or less,
10 microns or more, and 2.5 to 10 microns (EPA, 2016). Research has associated PM
with many respiratory diseases through chronic exposure, such as: myocardial
infarctions, pulmonary inflammation, and plaque instability (Karottki et al., 2013; Paulin
& Hansel, 2016). Asthma and asthmatic symptoms is heavily influenced by PM
exposure. Healthy lung children exposure to both short term and long term ultrafine PM
(2.5 microns or less) show signs of decreasing lung functions, that may lead to asthma
and other lung diseases in the future (Paulin & Hansel, 2016). Cooking is considered a
primary source for particulate matter indoors which creates a significantly higher
concentration of PM 2.5 than from other sources (Falcon-Rodriguez, Osornio-Vargas,
Sada-Ovalle, & Segura-Medina, 2016). Association of PM 2.5 and asthmatic coughing in
children has been established for atmospheric concentrations, and since indoor PM 2.5
concentrations are shown to be higher, the same conclusion can be applied for indoor
environment (Zhang et al., 2016). PM 10 plays a major influence on asthma and
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respiratory diseases, where sensitization occurs in the upper respiratory tract; reports
which were acquired from hospitals in Taiwan (Cheng, Chiu, & Yang 2015). Even
prenatal PM exposure can also influence respiratory health in infants, by passive
exposure (Yang et al., 2015).
EPA’s “Air Quality Statistics” in 2012 for Memphis stated that PM 2.5
concentrations were 10 ug/m^3 per 24 hours. This is considered safe at the time where
the national standard was 12 ug/m^3, but worse than the natural average of 9.2 parts per
million (ppm). However, PM 10 concentrations 37 ug/m^3 per 24 hours exceeded the
national standard of 35 ug/m^3, but considerably better than the national average of 53
ppm. In comparison, Memphis ranks 16 out of 39 on PM 2.5 and ranked 18 out of 112 for
PM 10 respectively of the concentrations stated above, which overall is in the high
medium range (EPA, 2012). In three years’ time, Memphis’s PM 2.5 and PM 10 levels
have increased to 18 mg/m^3 and 47 ug/m^3 respectively (EPA, 2016). This represents
the outdoor PM levels, which can indicate the baseline PM levels indoors in Memphis
residents.
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Chapter 3
Materials and Methods
Study Area and Sampling plan
The research study was conducted in greater Memphis, Tennessee, USA. 15 home
samples were collected during a four-month period between July 2016 to October 2016,
using two methods of recruitment. First method utilized the collaborated help with
Shelby County Health Department (SCHD), while the second method utilized friend
participation. Upon completion, two different analyses (chemical and biological) were
conducted to get an accurate representation of mold, and VOC’s in the conducted
residences.
Follow-up Mold Report
Each of the 15 sample homes will receive a $25.00 gift card to Subway and a
Mold Report for their home respectively, as an incentive and intervention for
participating in this study. The mold report will have information on whether mold was
detected or not from either the air vent or ground collected sample, list of VOCs detected
and their concentrations in comparison to EPA/CDC levels for carcinogenic and noncarcinogenic values, and PM count for 1 micro, 2.5 micron, and 10 microns. VOCs list
will also include potential indoor sources; this information can help the occupants decide
whether to replace certain items or potential sources in home, and/or incorporate
behavioral changes, that would benefit their respiratory health.
Recruitment of Participants
Shelby County Health Department (SCHD) has a general hotline for citizens with
mold issues to call-in for advice on how to cleanup and mediate mold. Mold calls, come
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from all over Memphis; and during summer/fall 2016 period (July to October) mold calls
were used for recruitment purposes, while still following the standard intervention
provided by SCHD. Citizens calling in during the recruitment period would be given first
the standard information that SCHD provides, which includes contact numbers and
websites for possible mold solutions. The calls were screened based on two criteria for
recruitment: visual mold growth, and at least one respiratory illness/symptom within the
occupants currently living in the home. To reduce selection bias, mold calls received the
same treatment during the recruiting phase; all calls that came into the department were
based on first come, first serve, at regular working hours (8:00 am to 5:00 pm). If calls
came in after work hours and a voicemail was received, a prompt call back would happen
first thing in the morning; and calls were answered regardless of area code association. If
these two criteria were met, the researcher would mention the mold study project, and ask
if the citizen would like to participate in the study as a subject. These recruited subjects
were considered the experimental group. The friend recruitment was based on known
citizens in Memphis that requested participation because of mold concerns and general
air quality in their homes. These subjects did not have any visible mold presence, and
therefore were categorized as the control group. All subjects were asked prior to
sampling, their respected phone number of contact, address, and a schedule date for
collecting home samples. Additionally, all participants were given a contact list from
Shelby County Health Department that included phone numbers, emails and websites of
local, state and federal government agencies that could help in dealing with their
respected mold issue.
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Pre-field Sampling
Several steps were taken to prepare the testing equipment prior to using them in
the sampling homes. The testing equipment includes the following: ORECK vacuum
(model BB900-DGR), vacuum filters (Indoor Biotechnologies. DUSTREAM Collector
(DU-ST-1)), PM counter (Alphasense Ltd. Optical Particle Counter OPC-N2), CO2
datalogger (1% CO2 + RH/T Data Logger), Tenax Stainless steel sorbent tubes (Markes
International C1-AXXX- 5003), and a stand.
Filters used in conjunction with ORECK vacuum were first sprayed with 70%
ethanol and placed in a ventilated hood over night for drying with a UV light burst of 5
mins. Afterwards, the filters were carefully placed individually in sterilized 50 ml
centrifuge tubes using a clean set of latex gloves, and were marked accordingly to the
sampling home ID: H0..V1G1 and H0..V1A1. H represents home, 0.. represents the
sampling number, V represents visit number to sampling home, G represents ground
sampling collection and A represents air ventilation collection. The ORECK vacuum was
used as is, from the manufacturer with no calibrations prior to use. The PM counter is
already deployable after removing any excel sheets in its memory bank; no calibrations
are needed for the PM counter, as the software is built into the machine. CO2 dataloggers
were configured by clearing all previous logs, properly setting the time/date, and
adjusting the collection period to every 300 s. Tenax Tubes (VOC tubes) were
conditioned using Markes International Tube Conditioner instrument TC-20. The brass
caps for the ends of VOC tubes had plastic ferrules (1/4 in. Brass Swagelok and PTFE
Ferrule. Swagelok®, B-400-C). Brass caps were sonicated for 15 mins twice in pure
methanol and then left to air dry, before usage. The ferrules were washed in 100%
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ethanol for 5 s before being air dried, and with a sterile tweezer, the ferrules were placed
in the brass cap. During the conditioning of the VOC tubes, the brass caps and ferrules
were prepared simultaneously. Upon conditioning of VOC tubes, they were immediately
capped, wrapped in baked aluminum foil, and stored in a stainless-steel container
containing a carbon pack. Tenax (VOC) stand was made in lab using various Home
Depot and Lowes materials, that would be placed in the home, on a desk or stand, that
leveled the VOC tube(s) at breathing level. Gas Chromatography/Mass spectrometry
sampler (GC/MS- 5975C from Agilent Inc.) was setup to detect a total of 68 VOCs.
Field Sampling
A total of 15 homes were sampled during the study that was split into nine homes
with visible mold, and six homes without visible mold. An IRB (Appendix D) was
approved, and a consent form (Appendix B) was signed by both parties and copies were
kept for records (signature not acquired from homes with no visible mold growth, friend
referrals). Field sampling was a one-week test in the respected homes. Samples were
taken from the home by vacuuming content; deploying environmental
instruments/samplers; and filling out a field sheet and questionnaire. The field sheet
logged the date, time, location and other important parameters during the home setup
(Appendix A). The field sheet log is designed to input deploying and collecting time for
instrumentation and samplers, their respected unique identifying number, and home
sample contact information. The questioner asked about relevant information used to
gather specific data that will help the project’s objective and aims (Appendix C). All
equipment was housed in a heavy-duty carry-on-bag, for transportation to and from the
selected residences.
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Mold Collection
Samples were collected using a ORECK vacuum and respected filter attachment
(DUSTREAM Collector) that captured the content. The vacuumed collection was done
on the initial visit to the sampling home. Vacuumed content was captured in two different
areas. In the first area, air vents were vacuumed in the room or adjacent room of mold
growth. Air vents collection were categorized as short-term exposure. Second area was
the ground, which is categorized as long-term exposure and followed the same sampling
method as air vents. The number of air vents that were vacuumed ranged from 1-4 vents
based on the homes setup. Ground samples were collected from either carpet or hard
floor. Carpet samples were vacuumed by a one square meter area using four meter sticks
for measurement. Hard floor samples were vacuumed in a two-square meter area,
utilizing the same sticks. The modified method of collection followed HUD’s Vacuum
Dust Sample Collection Protocol (Ashley, Dewalt, Hamilton, Jones, & Pinzer, 2008).
Floor samples varies in material layout; therefore, the adjustment to the vacuumed area
tries to keep the same amount of content collection (Ashley et al., 2008). The vacuumed
filters were returned to the lab and stored in 4 °C fridge till lab analysis.
Environmental Instruments and Sampler
The instruments included a PM counter and CO2 logger. The sampler(s) was VOC
tube(s). Only one instrument of each type was deployed per resident. The numbers of
VOC tubes varied per home randomly (1-2 total). The reason for this was to acquire
positive controls (unexposed tubes), and validity control (duplicate tubes). The phases in
handling the instruments included: initial setup, running, and monitoring for 1-2 mins.
The monitoring is to ensure all instruments are properly running the configured settings.
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All three were deployed on the first day of visit and remained active for one week; upon
the completion of the sampling period they were shut off or closed and returned to the lab
for analysis. PM counter and CO2 logger were plugged in a multi outlet during the
instruments’ run as they are active samplers. CO2 logger also utilized batteries in case of
a power outage. VOC tubes did not have any power source as it is a passive sampler.
VOC tubes were uncapped and a diffusion cap (Markes International -C-DF010) was
attached to the grove end (air flow inlet). Precautions were taken during traveling,
deploying and retrieving of VOC tubes. During travels to and from the sampling homes,
the VOC tubes were caped properly, wrapped in baked aluminum foil, and stored in a
tightly sealed, stainless steel container that had a carbon pack (Sigma-Aldrich, activated
charcoal) inside to keep the tubes from possibly becoming contaminated by capturing any
escaping volatile organic compound (VOC).
Field Sheet, Consent Form and Questionnaire
A field data log sheet was carried to each sampling home (Appendix A). The data
log sheet included fill-in-the-blank spots for Occupant information: Address, phone
number, email; Instruments and sampler’s information: mold collection filters, VOC
tubes, PM counter, CO2 data logger, placement of monitoring equipment; and Date/Time
log: for collecting samples/ deploying monitoring equipments (day 1) and pickup of all
monitoring equipment (day 7). Two copies of “The University of Memphis” consent
forms (Appendix B) were signed (one copy for occupant, one copy for our records). This
consent form mentions the role of the home participant and researcher for the study, the
confidentiality of personal information, incentives, and contact information to the
Principle Investigator in charge in case of any questions, concerns, or problems.
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An interview was given through a questionnaire (Appendix C) that asked about
the demographics in the home, health of occupant’ of concern, and residential
characteristics. The questionnaire was often given on the initial visit (day 1), but
sometimes was given during the monitoring equipment pickup day (day 7). The same,
one interviewer (researcher) would go to each home, regardless if another partner would
come along at times. This helped in standardizing the interviewer. Additionally, all
questions were asked directly from the questionnaire sheet, and no question was skipped
during the interview, therefore, no interview bias was created. The data collected from
the questionnaire is tallied up as is, and results were compared to each other. If any
question was left blank it is considered 0 or not applicable, based on the question’s
answer choices.
Post-Field Analysis
VOC Analysis. Tenax tubes were safely left packed till analysis. Analysis of the
Tenax tubes was performed using Thermo-Desorption (Markes International- model TD20) and GC/MS. TD-20 retrieved the captured VOCs in the tube by heating the tubes to a
high temperature (+ 350 °C) and the heated content was flowed into the GC/MS. Pure
Nitrogen (info) and Helium gas (info) was used for purge and carrier gas respectively. To
standardize the data, two internal gases were used to validate the acquired abundances, pDifluorobenzene and Chlorobenzene-d5 (Scott- model ST0000166108). Upon
completion, tubes were reconditioned using TC-20 to deploy again in the field. The
parameters ran for GC/MS were as followed. Acquisition type used scan, Helium
gasflow: 1.2 mL/min, and column utilized: Agilent 19091S-433UI. The oven temperature
followed this specific conditions consecutively. The instrument started off at an initial 35
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°C temperature, with a rate of 35 °C/min, followed by a hold time of 3 mins, resulting in
a run time total of 3 mins. Ramp-1 following initial phase, increased the rate of the oven
15 °C/min, to an end temperature of 95 °C with a hold time of 2 mins, resulting in an
oven run time of 9 mins. Ramp-2 following Ramp-1, increased the rate of the oven 15
°C/min, to an end temperature of 140 °C, with a hold time of zero minutes, resulting in a
total of 12 mins oven time. Ramp 3 following Ramp-2, increased the rate of the oven 35
°C/min till 220 °C, with a hold time of zero minutes, resulting in a total of 14.28 mins’
oven time. Ramp 4 following Ramp-3, increased the rate of the oven 40 °C/min till 300
°C, with a hold time of 4 mins, resulting in a total of 20.28 mins’ oven time.
The parameters ran for TD were as followed. First pre-desorption conditions:
inject standard time/min (1.0), loop fill time/min (0.4), prepurge time (1.0), split
condition on, Flow ml/min (20.0), flow path temp (140), minimum carrier pressure (5.0),
GC cycle time (25.0), and split ratios (no split inlet, 6.3:1 outlet, and 6.3:1 total). Second,
tube sample desorption conditions: tube desorb time 1 (5.0), temp 1 (260), time 2 (0.0),
trap in line on, and trap flow ml/min (50). Third, trap settings conditions: pre-trap fire
purge/min (1.0), trap low/°C (40), heating rate °C/s (40), trap high/°C (280), trap flow
ml/min (20.0), trap hold/min (3.0), split flow ml/min (8.0), and flow ml/min (8.0).
Instruments
The CO2 logger used GasLab program (CO2meter), where the logs were imported.
Selecting the right port and product number of the logger gave access to the data.
Underneath the tool section is a log data. Clicking the ‘get logs’ button extracts multiple
sessions when the logger was running. The log that features + 2000 data points was the
log of interest and that was imported for analysis. Average concentration of CO2,
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humidity and temperature (measured every five minutes) were calculated using excel for
daily and weekly figure. PM counter’s logs are pre-stored in the machine as excel
(comma separated value) files. These excel sheets stored daily logs (24 hours of data),
and using Statistical Analysis System (SAS), a program was written to extract the weeklong data into three PM sizes per hour for that sampling home period. The three PM sizes
recorded were PM 1 um (fine), PM 2.5 um (fine), and PM 10 um (coarse) diameters.
DNA Extraction
Mold samples that were stored in 4 °C were removed and tested in lab. The mold
samples were processed in two batches due to convenience and time efficiency. Each
home had two different samples, one ground collected sample and one air vents collected
sample. Each sample was weighted out to a maximum of 3.00 grams, and then was
placed in an autoclaved 1.5 ml centrifuge tube (Sigma Aldrich- various model numbers).
Quigen DNA PowerSoil kit was used for DNA extraction. The first solution from Quigen
(C1) was heated to 60 °C and 100 ul was pipetted into the centrifuge tube. A rough
estimate of spatula tip full of sterilized glass beads with a diameter of 0.5 micro was
added into the mix. A mini-beadbeater (Biospec Products) was than utilized at maximum
speed for 45 s. The instrument was utilized to break down the content of the mold sample
to a gooey mesh that can be used to continue the extraction process. Upon using the minibeadbeater, if the content was still solid, an additional 30 s was added to acquire the
content mesh. The extraction process continued as normal using the PowerSoil protocol.
The contents were transferred to the PowerBead tubes and vortexed at max speed for 10
mins placed horizontally. Afterwards, the tubes were centrifuged for 30 s at 10k
(10,000x) RPM, and the supernatant was pipetted to a new 2 ml collection tube. Next,
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250 ul of C2 was added, vortexed for 5 s, incubated in 4 °C water bath for 5 mins,
centrifuged for 1 min at 10k RPM, and supernatant was transferred to a new 2 ml
centrifuge tube. The same step was repeated for using C3 solution this time. C4 solution
was shaken, 1200 ul was added to the supernatant, 5 s vortex was applied, and 675 ul of
the mixture was added to a spin filter. The spin filter was then centrifuged at 10k RPM
for 1 min and the flow through was discarded. This step was repeated until all the mixture
went through the spin filter. 500 ul of C5 was added into the spin filter and centrifuged at
10k RPM for 30 s. The flow through was discarded and centrifuged for an additional 1
min with no content added. The final step was placing the spin filter in a clean 2 ml
centrifuge tube and adding 100 ul of C6 solution and centrifuged for 10k RPM for 30 s.
This final flow through had the eluted DNA and was stored in -20 °C freezer till further
use.
DNA Purification
DNA purification was needed to increase the concentration of the DNA before
running endpoint PCR. Purification of the DNA utilized the Epigentek DNA
Concentrator kit (P-1006). First step took the 98 ul of extracted home DNA, mixed with
100 ul of CA1 solution, vortexed at max speed for 10 s, and transferred to the column
provided in the kit. Centrifuge at 12k RPM for 15 s was initiated, and the flow through
was disposed. Second step added 200 ul of CA2 to the column and centrifuged for an
additional 15 s, flow through was discarded and the step was repeated but with a
centrifuge time of 30 s. The last step took the column and was placed in a new 1.5 ml
centrifuge tube, 8 ul of CA3 was added, centrifuged for 20 s at 12k RPM and the column
was thrown away, leaving the eluted DNA in the tube. After the protocol, 4 ul of Biograd
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8pH level, TE buffer was added into the purified DNA. DNA was again checked on the
nano-drop and passed the required DNA concentration of minimum 15 ng/ul for running
an endpoint-PCR. The DNA was then stored in -20 °C freezer till further use.
Endpoint Polymerase Chain Reaction
Endpoint PCR utilized the ITS primers (universal primers for mold detectionITS1-Forward and ITS4-Reverse: Table 1), and was used to test three mold positive
controls, and the 30 total home samples. These ITS primers have an amplicon size of 500
base-pairs. The three positive controls are most associated with potential respiratory
health symptom/illness; these include Aspergillus Niger (A. Niger), Aspergillus Species
(A. Species), and Chaetomium globosum (C. Globosum). All gDNA frozen in -20 °C
were thawed out before creating the PCR mixture with a total volume of 25 ul. Each PCR
mixture (33 in total) included the following: PCR master mix (MM - 12.5 ul), nuclease
free water (8 ul), ITS-1F (1 ul), ITS4-R (1 ul), and the respected DNA – home sample or
positive control (2.5 ul). No template control (NTC) was created to validate for any
contamination possibility. NTC PCR mixture also consisted of 25 ul total mixture: PCR
MM (12.5 ul), nuclease free H2O (6.5 ul), ITS1-F (3 ul), and ITS4-R (3 ul).
The thermal program utilized for running the PCR mix with the ITS primers was slightly
modified from Uyaguari-Diaz and colleagues’ method (Uyaguari-Diaz et al., 2016). The
PCR thermocycler, Bio-Rad CFX96 Real-Time System C1000 Touch Thermocycler,
used the following program: 95 °C × 15 mins; 37 cycles of 30 s at 95 °C, 30 s at 55 °C,
and 90 s at 72 °C; and final cycle of 10 mins at 72 °C, followed by an infinite time of
10 °C in case there was a loss of tracking time. The ITS primers and modified
thermocycler program was based on Uyaguari-Diaz and colleagues developed method for
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amplicon-based analysis (Uyaguari-Diaz et al., 2016). The PCR product was stored in -20
°C, until further use.
Table 1
Universal Primer for Mold Detection Both Forward and Reverse Primers
Primer

Sequence

ITS1-F

TCCGTAGGTGAACCTGCGG

ITS4-R

TCCTCCGCTTATTGATATGC

Gel Electrophoresis Run
After completion of PCR run, an agarose gel electrophoresis was run using a 2%
agarose mix. The 2% gel consisted of 150 ul of 1x TE buffer, 3 grams of agarose powder,
and heated in a microwave till the solution started boiling. The solution mixed in a 500
ml glass flask was continually hand stirred after every 30 s during microwaving, until the
solution became clear. 4 ul of Ethidium Bromide was added to the clear, boiling solution
and was promptly mixed. The mixed solution was then added onto a gel tray, with a 20well comb attached to the gel to be solidified, which took approximately 30 mins. Two
solidified gels were made using this process: gel 1 used for homes with visible mold, and
gel 2 used for homes without visible mold, positive controls and NTC. After
solidification, the 20-well comb was removed and the PCR mixture was ready to be
added. The PCR mixture (2.5 ul) was combined with a loading dye- Bio-Rad Nucleic
Acid Sample Loading Buffer (2 ul) right before loading into the respected well. The first
wells were reserved for DNA ladder- (3ul), then a well was skipped and the remainder
wells were filled as stated. Gel 1: well 1 (DNA ladder), well 2 (no load), wells 3-20
(home samples with visible mold). Gel 2: well 1(DNA ladder), well 2 (no load), well 3
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(NTC), well 4 (no load), wells 5-7 (positive controls), well 8 (no load), and wells 9-20
(home samples with no visible mold). The PCR product was stored in -20 °C, until
further use.
PCR Cleanup
After the results of the gel run indicating which samples tested positive for mold
presence (indication from DNA band appearing), the positive tested samples were ran
through a PCR cleanup process using GenElute™ PCR Clean-Up Kit (Sigma-Adrich, cat
# NA1020). The positive samples were thawed out in room temperature and 10 ul of the
product was used, and the following steps dictate the procedure for PCR cleanup. Step 1:
GenElute spin column was inserted into the 2 ml collection tube provided and 500 ul of
Column preparation solution was dispensed in the spin column, which was then
centrifuged for 30 s at 12k RPM. The eluted solution was discarded; and a mixed solution
of positive PCR sample and binding solution was added; vortexed for 10 s in an
autoclaved centrifuge tube. The positive PCR sample and binding solution carried a 1:5
ratio, 10 ul of PCR sample to 50 ul of binding solution. The mixed solution was added
into the spin column and centrifuged for 1 min at 14.8k (max) RPM. The eluted content
was discarded and 500 ul of wash solution was added into the spin column and
centrifuged for 1 min at max RPM. Eluted content was then discarded and the spin filter
tube was centrifuge at max RPM for 2 mins. The spin column was then transported to a
new 2 ml collection tube and 50 ul of Elution solution was added. The column was
incubated for 1 min at room temperature, and then centrifuged max speed for 1 min. A
nanodrop reading of the content was done to see if the desired concentration was made.
Content was then stored in -20 °C.
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Re-concentrating DNA and Amplicon Sequencing
Due to the concentration of DNA after PCR cleanup being lower than 10 ng/ul,
the exact Gentek purification method was redone to the PCR samples. This was done to
have a concentration yield that can be sent out for Amplicon sequencing. Amplicon
sequencing was done by Eurofins, for all positive identified mold, ground samples, and
any air vent samples that did not also have an accompanying ground sample from that
home. Amplicon sequencing results would indicate the species of mold presence, and
utilized the same ITS1-F primer that was provided by Eurofins.
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Chapter 4
Results
Initial Mold Sample Concentrations
The samples collected from the 15 homes totaled 30 individual specimens. Each
home had an air vent and ground collected sample. Upon DNA extraction, the
concentration yield was lower than the required concentration of at least 10 ng/ul for
running an end-point PCR, and the total volume of each was 98 ul (Tables 2 & 3). Only
home #15, ground sample, yielded a significant DNA concentration to run a PCR as is.
Therefore, to properly run a PCR, the extracted DNA ran through a purification process.
Table 2
DNA Extracted Concentrations for Visible Mold Homes.
Home
Sample ID

DNA
Conc.
(ng/ul)

DNA/RNA
ratio (Ideal
~1.8)

Total
volume
(ul)

H002-A

5.8

1.49

98

H002-G

1.5

1.68

98

H003-A

1.4

2.05

98

H003-G

3.1

1.68

98

H004-A

8.4

1.72

98

H004-G

4.2

2.72

98

H005-A

5.6

1.55

98

H005-G

3.0

1.91

98

H006-A

6.4

1.71

98

H006-G

2.4

1.36

98
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Table 2 (Continued)
Home
Sample ID

DNA
Conc.
(ng/ul)

DNA/RNA
ratio (Ideal
~1.8)

Total
volume
(ul)

H007-A

2.4

1.29

98

H007-G

3.2

1.06

98

H008-A

1.0

3.37

98

H008-G

3.2

1.85

98

H009-A

0.9

2.89

98

H009-G

1.4

2.60

98

H010A

1.0

1.86

98

H010-G

1.9

1.85

98

Table 3
DNA Extracted Concentrations for Non-Visible Mold Homes.

Home
Sample ID

DNA
Conc.
(ng/ul)

DNA/RNA
ratio
(Ideal
~1.8)

Total
volume
(ul)

H001-A

2.0

1.51

98

H001-G

1.5

1.68

98

H011-A

1.1

1.85

98

H011-G

4.7

1.69

98

H012-A

1.8

1.22

98

H012-G

4.4

1.32

98
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Table 3 (Continued)

Home
Sample ID

DNA
Conc.
(ng/ul)

DNA/RNA
ratio
(Ideal
~1.8)

Total
volume
(ul)

H013-A

2.0

1.62

98

H013-G

1.5

1.21

98

H014-A

2.5

1.86

98

H014-G

2.2

1.86

98

H015-A

4.6

0.99

98

H015-G

21.3

1.86

98

Epigentek DNA Purification Concentrations
Epigentek concentration kit was used to concentrated all 15 home samples. This
was done to keep the procedure standardized throughout the process. Utilizing Epigentek
kit yielded significant increase in DNA concentration, ~4 to 15 times the original extracted
DNA (Tables 4 & 5). Although, only one sample did not cross the threshold of 10 ng/ul for
running a PCR (Home 15- in bold, air vent sample), it was still able to run in a PCR. The
volume of DNA was dropped to 12 ul for all samples upon concentrating. 2 ul were used
to test the concentration in a nanodrop machine, therefore only 10 ul of volume could be
yielded for PCR run.
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Table 4
DNA Concentrations after Purification (Visible Mold Homes).
Home
Sample ID

DNA Conc.
(ng/ul)

DNA/RNA
ratio (Ideal
~1.8)

Total volume
(ul)

H002-A

48.7

1.38

10

H002-G

36.2

1.39

10

H003-A

29.0

1.18

10

H003-G

66.6

1.53

10

H004-A

57.6

1.47

10

H004-G

47.5

1.38

10

H005-A

42.2

1.51

10

H005-G

34.6

1.21

10

H006-A

28.4

1.39

10

H006-G

46.8

1.19

10

H007-A

62.5

1.30

10

H007-G

37.4

1.53

10

H008-A

31.6

1.01

10

H008-G

26.3

1.08

10

H009-A

34.2

0.97

10

H009-G

19.5

2.74

10

H010A

19.1

1.11

10

H010-G

16.5

1.57

10
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Table 5
DNA Concentrations after Purification (Non-Visible Mold Homes).
Home
Sample
ID

DNA Conc.
(ng/ul)

DNA/RNA
ratio (Ideal
~1.8)

Total
volume (ul)

H001-A

19.3

1.29

10

H001-G

31.5

1.33

10

H011-A

28.3

1.44

10

H011-G

27.5

1.54

10

H012-A

12.3

5.19

10

H012-G

22.2

2.69

10

H013-A

26.0

1.75

10

H013-G

13.1

1.25

10

H014-A

16.6

1.44

10

H014-G

25.6

1.30

10

H015-A

8.7

1.31

10

H015-G

62.7

1.52

10

Since Epigentek purification yielded high concentrations, further dilution with 1x TE
buffer at 8.0 pH was done. Five additional uls were added to each sample except sample
12-A, 13-G, and 15-A to prevent obtaining critically low concentrations. Sample 10-G
used the second batch of extracted DNA, and no further dilution was also done. The
following concentrations were obtained (Tables 6 & 7), red highlighted portions mark
samples that were not diluted.
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Table 6
Concentrations after 5ul of 1x TE Dilution (Visible Mold Homes).
Home
Sample
ID

DNA
Conc.
(ng/ul)

DNA/RNA
ratio
(Ideal
~1.8)

Total
volume
(ul)

H002-A

5.1

0.55

10

H002-G

18.9

1.43

10

H003-A

14.7

1.28

10

H003-G

35.2

1.36

10

H004-A

36.9

1.36

10

H004-G

22.1

1.50

10

H005-A

27.6

1.16

10

H005-G

34.8

1.83

10

H006-A

14.9

1.05

10

H006-G

31.8

1.07

10

H007-A

45.0

0.89

10

H007-G

14.7

1.09

10

H008-A

25.4

2.30

10

H008-G

18.6

1.37

10

H009-A

30.6

1.37

10

H009-G

6.5

4.73

10

H010A

17.6

1.21

10

H010-G

16.5

1.57

10
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Table 7
Concentrations after 5ul of 1x TE Dilution (Non-Visible Mold Homes).
Home
Sample ID

DNA Conc.
(ng/ul)

DNA/RNA
ratio (Ideal
~1.8)

Total volume
(ul)

H001-A

14.8

1.18

10

H001-G

21.4

1.77

10

H011-A

14.5

1.36

10

H011-G

17.5

1.63

10

H012-A

12.3

5.19

10

H012-G

9.4

1.63

10

H013-A

13.3

1.19

10

H013-G

13.1

1.25

10

H014-A

6.6

1.55

10

H014-G

14.3

1.33

10

H015-A

8.7

1.31

10

H015-G

21.5

1.52

10

PCR Results
Endpoint PCR was done for detecting if mold was present or not, by using ITS
primers (universal fungal detector- 18s rDNA). The specific ITS primer showcases base
pairs between 420 and 825 if mold is detected in the sample. Two gels (Figures 1 & 2)
were used as there were more than 30 samples to analyze using a 20-well divider, which
additionally included the three pure mold cultures: A. Niger, A. Species and C.
Globosum, that act as positive controls. Each home sample took two adjacent slots (first
slot for air vent sample, and second slot for ground sample). The results for samples that
tested positive for mold presence are A. Niger, A. Species, C. Globosum, Home samples
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(H00…): 1-G, 2-G, 4-A, 4-G, 5-6, 6-A, 6-G, 7-A, 8-A, 8-G, 9-A, 1G, 11-A, 11-G, 12-A,
12-G, 14-A, 14-G, and 15-G (Table 8). Only Home 3 and 13 did not show any presence
of mold from either the air vent or ground sample.
Table 8
Check Marked Table Consisting of Home Sample ID, and Yes or No for Detection of
Mold.
Home Sample
ID
1-A
1-G
2-A
2-G
3-A
3-G
4-A
4-G
5-A
5-G
6-A
6-G
7-A
7-G
8-A
8-G
9-A

Yes

No

Home Sample
ID
9-G
10-A
10-G
11-A
11-G
12-A
12-G
13-A
13-G
14-A
14-G
15-A
15-G
A. Niger
A. Species
C. Globosum
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Yes

No
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Figure 1. Gel results for NTC (well 3), Pure mold culture (well 4,5,6; A. Niger, A.
Species, C. Globosum), and Non-visible mold homes 2, 11-15 (wells 9 to 20, in batches
of 2). Positive for mold detection in all wells that have any presence of white band.
Negative for Mold detection in wells 9, 15, 16, 19.
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Figure 2. Gel results for Visible mold homes 1, 3-10 (wells 3 to 20, in batches of 2).
Positive for mold detection in all wells that have any presence of white band Negative for
Mold detection in wells 3, 5, 6, 9, 14, 18, 19.
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GeneElute PCR cleanup and DNA Epigentek Purification Concentrations
After the results of PCR, the samples that showed positive for mold presence
(ground samples only, unless an air vent sampled showed positive instead) were further
purified using GeneElute PCR cleanup. Ground samples were purified only due to the
collected content being of measurable mass, and therefore more accurate in representing
the mold presence in homes, compared to the unmeasurable content mass of air vents.
However, the concentrated yield was too low (most below 10 ng/ul). Epigentek
purification was redone to yield a higher concentration, and the following concentrations
and total volume were acquired, which were then shipped out to Eurofins for Amplicon
Sequencing (Table 9).
Table 9
Concentrations of DNA after GeneElute Cleanup and Epigentek Purification.
Home
Sample
ID

DNA
Conc.
(ng/ul)

DNA/RNA
ratio
(Ideal
~1.8)

Total
volume
(ul)

H001-G

27.1

1.32

10

H002-G

36.1

1.30

10

H004-G

29.1

1.91

10

H005-G

21.1

1.83

10

H006-G

25.0

1.59

10

H008-G

33.3

1.59

10

H010-G

21.0

1.33

10

H011-G

37.0

1.44

10

H012-G

38.1

1.15

10
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Amplicon Results
Amplicon results all came out negative; in other words, no mold detection was
present for the PCR sample products. Due to time constraints, we dropped any further
amplicon sequencing. Something in the setup of samples to be amplicon sequenced went
wrong and therefore, no results were concluded.
VOC Concentrations
A total of 68 VOCs were analyzed using GC/MS for each home sample.
However, a total of 30/68 VOCs were detected in the sampled homes. Every home had
several different VOCs present, and homes that were deployed with duplicate samples
were averaged out. The duplicate samples did fall in within 15% of deviation, and
therefore no conflict of discrepancy was noted. The concentrations were calculated by
excel with a lengthy formula written by Dr. Jia. The abundance values from the GC run
were converted to abundance ratio using the two internal standard gases pDifluorobenzene and Chlorobenzene-d5. P-Difluorobenzene was the first VOC that was
detected in the GC run, therefore VOCS in between p-Difluorobenzene and
Chlorobenzene-d5 used p-diflurobenzene to calculate abundance ratio. The remainder
VOCs used Chlorobenze-d5 to calculate abundance ratio. Mass was then calculated using
the abundance divided by abundance ratio. Volume was formulated by considering
indoor temperature which was averaged to room temperature of 25 degree Celsius, and
time which was written down when deployed and collected. VOC tubes were deployed
for one week. Concentration was finally calculated by Mass divided by Volume. The
final calculated concentrations obtained were compared to EPA and CDC RfC (reference
concentration) threshold values for both carcinogenic and non-carcinogenic (Table 10 &
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11). All cells shown blank have a value of 0.00, because their concentrations fall below
the detectable limit of GC/MS 0.4 ng/ul. Cells with asterisk represents currently
undefined values. Home Sample 12 is not shown in the tables, due to a contamination. A
new VOC tube is currently redeployed in this home, so it may be added into the data and
report in the future.
Table 10
Concentration Values of all VOCs Detected between p-Difluorobenzene and
Chlorobenzene-d5 Internal Standards. All Blank Cells Values are 0.00. Asterisk
represents Undefined Values.
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Table 11
Concentration Values of all VOCs detected after Chlorobenzene-d5 Internal Standard.
All Blank Cells Values are 0.00. Asterisk represents Undefined Values.

PM Concentrations
Particulate Matter (PM) for the 15 home samples were split into 3 categories that
were averaged out using excel, per their respected PM sizes (PM 1 um, PM 2.5 um, and
PM 10 um) (Table 12). The data log recorded approximately every 1.3 s. Most home
samples were near each other’s PM levels. However, home 2 and home 8 had similar and
significantly higher concentrations of PM for all three sizes. Home 2’s result was not
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surprising, as a smoker lived and smoked in the home regularly. Home 8’s results showed
no particular reasons why the PM count was so high across the board. The trend generally
in the homes followed PM 10 count being the highest, followed by PM 2.5 and then PM
1.
Table 12
Average Particulate Matter SAS Statistics.
Home ID PM 1 PM 2.5 PM 10
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1.35
47.02
9.07
9.07
7.18
2.66
1.65
39.08
3.26
2.02
5.72
5.72
1.22
4.64
1.10

1.96
57.02
10.75
10.75
8.43
3.96
1.89
49.93
4.40
2.64
7.30
7.30
1.59
6.33
1.44

4.64
59.46
15.04
15.04
12.67
10.78
2.32
55.13
6.45
3.49
12.03
12.03
2.85
9.02
4.02

CO2, Humidity & Temperature Results
CO2 (ppm), humidity (%), and temperature (°C) measures taken from the CO2
datalogger used the Gaslab software to extract the recorded sample points (time stamps
every five minutes). The three different variable levels were averaged per home sample
(Table 13).
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Table 13
Average Levels of CO2, Humidity and Temperature per Home Sample.
Home
Sample ID

CO2 level
(ppm)

Humidity
level (%)

Temperature °C

H001
H002
H003
H004
H005
H006
H007
H008
H009
H010
H011
H012
H013
H014
H015

658.0
610.7
1205.1
620.8
1100.0
654.8
622.5
1211.9
805.4
539.8
575.3
988.3
513.7
696.9
690.4

56.7
46.5
49.1
59.0
52.4
58.7
55.6
44.2
48.6
54.3
56.2
47.7
50.7
48.4
51.9

25.7
29.8
22.8
24.2
27.6
22.9
23.1
21.6
23.6
23.4
23.8
25.4
22.5
24.3
24.0

Questionnaire Results
A 11-page questioner (Appendix A) was filled out by an adult occupant during
the sample visit - interview time. In the questioner, a few questions targeted specifically
on any current respiratory issues (such as asthma) for at least one occupant living in that
home. 10 out of 15 homes had an occupant with some respiratory symptom/illness. Out
of those ten homes, children were the targeted occupants for five homes, and adults were
the targeted occupant for five homes. Specifically, 6 out of 15 homes had an occupant
with asthma. Among the occupants living with asthma, a small set of questions were
related to symptoms within the last month. The four set of question had the following
percentage results: asthma attacks (50%), sleeping problems (33%), frequent use of
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asthma medicine (50%), and asthma severity (66%). The frequency of asthmatic
problems was present in at least 33% of the asthmatic occupants.
Geomapping of Participating Homes
The 15 home samples were geomapped using ArcGIS by PhD student Zhuqing.
The geomap (Figure 3) distinguishes homes that had visible mold (Red), and homes
without visible mold growth (Blue). The geomap can be overlaid on Memphis map
showcasing the socioeconomic status and mold presences in Memphis. However, the
sample set is very small (15) and so no valid result can be obtained this way.

Figure 3. Geomoapping of all 15 homes sampled in Memphis metropolitan area.
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Statistical Significance: P-Value
To find any statistically significant values, SAS program was utilized to find the
p-values for different variables. Chi-square, Pearson correlation, and logistic regression
were the statistical tests used appropriately to find p-values. First data focused on
‘association of reported mold and detected mold’, to address the question whether homes
with reported mold have higher concentration of mold pollution than homes that did not
report any mold. Three values were calculated based on three settings: reported mold and
detected mold (ground); reported mold and detected mold (air vent); and reported mold
and detected mold (total- ground plus air vent). The three p-values obtained were 0.604,
0.315, and 1.000 respectively (Table 14). The statistical test utilized was chi-square with
Yates' correction, with a 2-tailed p-value. The method was calculated using Yates’
correction because of the low number of sample size (15), 2-tailed p-value to get the most
accurate result, and categorical variables (Yes or No).
Table 14
Chi-Square Results for Association between Reported and Detected Mold.
Association of Reported
mold and Detected Mold
Reported mold and Detected
mold (ground)
Reported mold and Detected
mold (air vent)
Reported mold and Detected
mold (total)

P-value
(2-tailed)
0.604
0.315
1.000

Chi-square was used again to calculate a table representing ‘association of reported mold
and symptoms’, and a table representing ‘association of detected (ground) mold and
symptoms’. Air vent mold detection was not furthered explored, as the data was highly
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situational. The air vent samples collected were minuscule amount, and thus the data
could not be accurately calculated without large variances. Symptoms were tallied from
the questionnaire. The p-values obtained were statistically insignificant for association of
reported mold samples and respiratory symptoms (Table 15). The seven symptoms are as
follows: asthma, rashes, headaches, coughing, sneezing, sinus infections, and eye
irritation. The p-values respectively were: 1.000, 1.000, 0.315, 1.000, 1.000, 0.608, and
0.622.
Table 15
Chi-Square Results for Association between Reported mold and Respiratory Symptoms.
Symptoms
Asthma
Rashes
Headaches
Coughing
Sneezing
Sinus Infections
Eye Irritation

P-value (2-tailed)
1.000
1.000
0.315
1.000
1.000
0.608
0.622

The same test was done to find any association between detected (ground) mold and
respiratory symptom (Table 16). The p-values obtained were statistically insignificant for
asthma (0.569), rashes (0.560), headaches (0.569), coughing (0.476), sneezing (1.000),
sinus infection (0.569), and eye irritation (1.000).
Table 16
Chi-Square Results for Association between Detected Ground mold and Respiratory
Symptoms.
Symptoms
Asthma
Rashes

P-value (2-tailed)
0.569
0.560
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Table 16 (Continued)
Symptoms

P-value (2-tailed)

Headaches
Coughing
Sneezing
Sinus Infections
Eye Irritation

0.569
0.476
1.000
0.569
1.000

All other sampled variables (CO2, humidity, temperature, and prominent VOCs) were
categorized in two tables; comprising all 15 home samples by comparing association of
reported mold and variable (Table 17), and association of ground detected mold and
variable (Table 18). The variables were averaged for each category. The VOCs that were
compared had mean concentration values that were greater than zero for at least one of
the yes or no categories of both reported and ground mold detected, and had an RfC
threshold value for either carcinogenic or non-carcinogenic. Two homes were removed
for the VOC calculations, home 2 due to extremely high concentrations- considered an
outlier, and home 12 due to lost data. Home 12’s VOC sampling was repeated but was
done after submission of this study; however, data will still be added to the final given
report. These VOCs included were: Benzene; Chloroform; Naphthalene; Styrene;
Tetrachloroethylene; Toluene; 1,2,3-Trichloropropane; and 1,4-Dichlorobenzene.
Logistic Regression was the statistic test used. Odds ratio (OD), lower confidence
interval (LCI), upper confidence interval (UCI), and p-value (1-tailed) were presented in
the tables. The p-values calculated were statistically insignificant association with
reported mold: CO2 (0.272); humidity (0.786); temperature (0.876); Benzene (0.469),
Chloroform (0.320); Naphthalene (0.540); Styrene (0.181); Tetrachloroethylene (0.798);
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Toluene (0.241); 1,2,3-Trichloropropane (0.970); and 1,4-Dichlorobenzene (0.272)
(Table 17).
Table 17
Logistic Regression Results for Association between Reported mold and sampled
Variables.
Association of Reported mold and
Variables
CO2
Humidity
Temperature
Benzene
Chloroform
Naphthalene
Styrene
Tetrachloroethylene
Toluene
1_2_3_Trichloropropane
1_4_Dichlorobenzene

OD

LCI

UCI

1.003
0.998 1.009
1.033
0.119 0.074
0.041
0.263 0.025
1.980
0.312 12.559
1.530
0.662 3.535
1.274
0.588 2.761
6.783
0.409 112.535
0.807
0.158 4.140
1.196
0.887 1.614
331.062 <0.001 >999.999
2.169

0.545

8.632

P-value
(1-tailed)
0.272
0.786
0.876
0.469
0.320
0.540
0.181
0.798
0.241
0.970
0.272

The p-values calculated were also statistically insignificant association with ground
detected mold: CO2 (0.837); humidity (0.598); temperature (0.174); Benzene (0.616),
Chloroform (0.345); Naphthalene (0.675); Styrene (0.854); Tetrachloroethylene (0.242);
Toluene (0.638); 1,2,3-Trichloropropane (0.973); and 1,4-Dichlorobenzene (0.654)
(Table 18).
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Table 18
Logistic Regression Results for Association between Detected Ground mold and sampled
Variables.
Association of Ground Detected mold and
Variables

OD

LCI

UCI

0.999 0.995 1.004
0.071 1.344 0.279
0.978 0.720 1.845
0.165 0.330 0.252
1.106 1.171 0.891
0.100 0.238 0.176
0.804 0.080 8.123
0.003 <0.001 46.142
0.015 0.031 0.222
298.274 <0.001 >999.999

CO2
Humidity
Temperature
Benzene
Chloroform
Naphthalene
Styrene
Tetrachloroethylene
Toluene
1_2_3_Trichloropropane
1_4_Dichlorobenzene

0.925 0.658
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1.300

P-value
(1-tailed)
0.837
0.598
0.174
0.616
0.345
0.675
0.854
0.242
0.638
0.973
0.654

Chapter 5
Discussion
This study contributes to the overall knowledge of indoor mold presence. Other
studies in this area have concluded similar results, of mold exposure, where mold
exposure is ubiquitous in indoor home environments. The visible or lack of visible mold
did not hinder detection of mold DNA. Even a small sample collection can yield
significant mold DNA content. The public’s concern for indoor mold is honest; among
the 15 homes sampled, only 2 homes showed no DNA detected mold. However, among
the two homes, one of the homes clearly had visible mold present. Due to visible mold
being isolated from the rest of the indoor area, detections can result in false negatives.
Ground samples collected seem to indicate a stronger presence of mold; the material
content is in great abundance, and nearly all home samples had mold except one. Air vent
samples are more problematic, the amount of DNA content captured for analysis is far
too little, often bordering to just dust specks. Physical matter reflects on DNA content
obtained; however, all air samples did have some DNA, though not always mold content.
The purity of the DNA is questionable in many other studies, but in the case of
environmental mold sampling, DNA purity ratio that does not fall close to 1.8, does not
represent invalid data. This collected content is just impure due to numerous additional
insignificant DNA present. Although a direct link of mold exposure and
asthma/respiratory illnesses could not be established, respiratory symptoms such as
wheezing, coughing, sinus irritation, eye irritation, etc. were present in almost all homes.
Mold exposure may lead to indirect contribution to respiratory symptoms. SES may also
play a casual relation with mold exposure, in that low SES homes, showed higher
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likelihood of visible mold than high SES homes. Statistically, all p-values were greater
than 0.05 (ranging from 0.315 to 1.000); therefore, all comparisons in finding an
association between reported mold and detected mold in homes did not present any
statistical difference. In summation, not all mold reported homes have mold present in air
vents and ground. Vice-versa, non-mold reported homes, can have mold DNA present.
VOCs in comparison to mold detection, had the same results as association of
reported and detected mold. All p-values showed no significant difference (p-values
>0.05) in concentrations of VOC in comparison with reported mold and, in comparison,
with ground detected mold. Independently, VOCs results point to a different picture than
mold results. VOC concentrations greatly differ among homes. Socioeconomic status
may have some indications on VOC levels. High SES for instant have the money to own
instead of rent property, which can lead to lower VOC concentrations. This is possibly
due to, homes that are owned have more routine maintenance. Sources of VOCs, such as
chemical smell, respiratory problems, and moisture are promptly taken care of to reduce
the impact from VOCs. Ethnicity and SES are often linked together but are not 100%
bound. Homes 1, 10, 12, 13, and 14 are occupied by Asian ethnicities. These homes
overall showed the lowest levels of VOC, and consequently Asians are generally ranked
higher in SES. Homes 2, 4, 8 and 9 had African American (AA) occupants; their VOC
concentrations were on average greater than other homes, and AAs are in general ranked
lower in SES. The remainder homes were occupied by Caucasians, and the VOC levels
had large variances, which can be attributed to the general SES variety among the
population. Behavioral habits also show significantly change in VOC levels indoor.
Home 2 was the only home that had a smoker among the occupants, and smoking was

55

allowed in the home. The results show that due to smoking, VOC levels were 4 to 17
times higher than in other homes. Some VOCs were only present in home 2: Nicotine, 3Ethylpyridine, and 2,5-Dimethylfuran, all attributed to the same source exposure smoking
(Moldoveanu, 1998). Smoking is a behavioral often associated with low SES. Certain
VOCs were detected at high concentrations in each home such as d-limonene, which
could be the result of frequent use of cleaning products.
Particulate Matter average concentrations for 1, 2.5, and 10 microns all show
similar levels except in two homes. Home 2 and home 8 had concentrations ranging from
4 to 25 times the concentrations of the other 13 sampled homes. This may partially be
due to two separate reasons. First, home 2 was the only residence that had an occupant
who smoked and could smoke in home. Smoking cigarettes is a large contributor to PM
levels creating extremely high levels as a source by itself. Second, home 8 did not have a
smoking problem, but based on the data acquired, it can be safe to say that an unreported
source(s) is the reason for such high PM levels. There is a general trend in PM levels in
comparison to mold reported in homes. Homes with reported mold have higher PM levels
than homes without reported mold. This trend is positive for all homes except homes 6, 7
and 9. Thus, visible mold could be an additional potential source for particulate matter.
CO2, humidity, and temperature also did not reflect on mold exposure. All p-value
resulted in p-values exceeding 0.05. Therefore, CO2, humidity and temperature is not a
predictor in reporting mold and detecting mold. However, higher humidity can equate to
more chance of mold proliferation. All homes fell within 10 to 15% of one another, and
humidity levels were generally higher 40-60%, than compared to average home levels
recommended 30-50% (EPA, 2015). CO2 levels on the other hand were within the typical
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indoor range of 300-1000 ppm. Only three homes showed higher than 1000 ppm (homes
3, 5, and 8), and this could be a small factor that leads to some of the reported respiratory
symptoms experienced in home 5 and 8.
Asthma and other respiratory symptoms showed the exact same results. No pvalues showed statistical significance. Increase in asthma severity could not be concluded
from the exposure and presence of reported or detected ground mold, or without exposure
and presence of mold. The remaining respiratory symptoms: rashes, headaches, coughing,
sneezing, sinus infections, and eye irritation all share the same conclusion as asthma.
The geomapping of home sampled can be cross-referenced to different SES areas
in Memphis, but due to the very small sample size, accurate results cannot be obtained.
As a matter of fact, there was more visible mold in areas of high SES, such as Collierville
and Germantown, compared to downtown Memphis. This should not be the case, and a
reason why such results were obtained can be from two main factors. First low SES
people that called in to Shelby County Health Department in concern with mold, could
not participate in the study, because their situation was dire. Participating for these
residents would have been an extra burden. The description of visible mold in the homes
far exceeded a small nuisance, and more authoritative actions would be needed to address
the issue, such as citations to landlords. This coupling of low SES and high rates of
dense, widespread visible mold indoors, showcases just how poor Memphis housing
issues are. Second, homes that have such a high rate of mold present, often leads the
occupying residents to take a different stance in handling the problem. Many of these
occupants possibly do not call in, because either they lack knowledge that agencies can
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provide information and guidance, or that calling in for complaints give no real solutions
due to no governmental regulations on indoor molds.
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Chapter 6
Conclusions
Mold is present throughout homes in Memphis. Whether the home has visible
mold or no visible mold, mold DNA was detected in the 13/15 sampled homes. Visible
mold presence in homes did contain higher DNA concentration than homes without
visible mold. But this fact alone cannot validate the hypothesis that reported visible mold
in homes have a higher mold contamination than homes without reported visible mold.
No conclusive results in respect to mold’s presence on respiratory illness/symptoms
could be established, based on the p-values that resulted in no statistically significance.
Possibility of mold presence & exposure, and an increase in severity of asthmatic attack
is reasonable, but this scientific approach failed to test the theory appropriately. The pvalues corresponding to asthmatic problems presented in the last month did not show
statistical significance. Additionally, the approach through questionnaire (survey method)
to gather data on severity of asthmatic attack, could lead to bias. A more sound approach
should have cross-checked medical reports with the questionnaire. Therefore, this
hypothesis also cannot be validated from this study alone. P-values were also statistically
insignificant for CO2, humidity, temperature, and all VOCs calculated that had a
corresponding value above 0 and a RfC value. Although no p-value showed any
statistical significance, the p-values were association between only two variable, the
values do not present every possible exposure and interaction that occurs simultaneously,
naturally, and dynamically in real world settings.
This unestablished link for mold’s association with respiratory disease/symptoms
from the results of this and other studies, has created a public health problem. There are
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no federal laws currently by EPA or CDC on the permissible level(s) of exposure for
residential mold exposures. This is a direct result from no concrete scientific evidence.
EPA and CDC only present set guidelines which leave the public in dark to properly
solving the mold issue. The public must take the information provided by the government
and act accordingly by themselves. The sheer nuances present in this overall topic of
mold and respiratory health effects are the underlining reasons behind the difficulty of
standardizing research data and results. In the future, with the hope of better technology;
build quality and material of home; furniture and house hold items, there may be a
possibility to establish a valid link between mold problems and adverse health effects,
that can be act upon by the government through rules and regulations. The introduction to
new, environmentally friendly materials and behaviors can help to greatly reduce these
external variables, letting research have a more focused approach on analysis on mold
exposure to respiratory health effects.
Regardless, there should be some regulations in effect to help minimize any
impact mold exposure has on people, as there are for occupational settings. In most cases
mold exposure, respiratory health, and other adverse health effects is more prominent in
low SES citizens. Memphis’s poor housing infrastructure, prominent areas of low SES,
and no laws to regulate landlords to act upon tenant exposure to mold, creates harsh
living conditions that fall in social justice issues. Landlords only deal with mold exposure
indirectly, by removing the source of nutrient for mold proliferation: such as water
accumulation from pipe burst, roof collapse, etc., classified as code violations. Code
violation does not deal mold directly, they cannot investigate a mold, cleanup a mold, or
write citations for mold exposure. This is exactly why governmental intervention through
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rules and regulations needs to be properly established; ill regard if it would fix the
problem or not. Real solutions should be given to people who need it, specifically those
who are part of low SES. Education is another intervention method that is currently being
underused. Information on mold is available online, but public awareness is low. If mold
is visibly present, it is highly likely that the resident would take some sort of action in
finding a solution. But for invisible mold, most residents would simply not take the steps
necessary for a proper solution. The government (local, state, and federal), should create
public events/workshops to teach about mold and respiratory impact, especially in largescale effected areas such as Memphis. The lack of regulations and education is presenting
a negative impact to low SES households and communities.
Strengths/Limitations
Some strengths present in the study include: a primary study approach, vast array
of information (variables) extracted for analysis, and intervention. This primary study
approach gives accurate data collection and analysis for a multitude of variables. In
contrast, a secondary approach would have hindered the versatility of data collection
from different sampling methods simultaneously deployed in the field. The multiple
variables acquired from the study leads to a more in-depth analysis, as the variables are
incorporated into the primary mold data. Consequently, this additionally gathered data
from the variables would give the subjects are more detailed understanding on their
individual environments through the reports handed over to them at the end of the study.
However, there are some limitations that were presented during the study. First,
not all information gathered, corresponding to the different variables, were significantly
meaningful. The 11-page questionnaire had numerous questions that may or may not play
61

a role in mold’s relation to respiratory disease/symptoms. Too many variables lead to, too
many uncertainties; that with the coupled dynamics of environment in each home, and the
survey method of approach, reduces proper validation techniques or results. Second, the
recruitment approach and strict criteria limited the sample size. Recruitment for homes
with visible mold only came from one source, Shelby County Health Department.
Although one source was efficient to gather many possible candidates for the study, the
criteria of visible mold growth and respiratory health effect did limit the candidate pool.
A large portion of the possible candidates that called-in did not have any diagnosed
asthma or other respiratory illness. Third, the candidate pool given the opportunity to
participate in the study was very divided, about ¼ of the candidates were not eligible
from the two main criteria: visible mold growth and respiratory problems. About ½ of the
candidates were already in such dire situations, that this study was not practical to
implement as it would cause burden to them; these candidates needed immediate
intervention from professional help such as the government. The last ¼ of potential
candidates were ideal for the study, however since the study was a request, many choose
not to participate and wanted immediate solutions instead. With the sample size being so
small (15 sampled homes), finding statistical significance is unlikely.
Recommendations
It would be recommended for future studies to focus on one or two main
variables. These variables can be mold and VOCs. This could increase the chance of
properly forming association of mold and respiratory health effects, while limiting the
scope of various external variables that may have very little significance. However,
careful consideration should be taken, as it may lead to losing confounders that are
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important. Additionally, a larger sample size (50+ home samples) and longer period of
collection (over 6 months to a year) should be included in all future projects which would
increase the validity and therefore potentiation of statistical significant results. Another
recommendation would be to incorporate more public health disciplines such as:
epidemiology and social/behavioral. Epidemiologist can help analysis any potential
trends for mold exposure on respiratory symptoms/illnesses. Social/Behavioral
researchers can provide counseling or guidelines to change lifestyles that can affect the
occupants’ respiratory health before and after data analysis.
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Appendix
Appendix A: Field Data Log Sheet:
Designed to input deploying and collecting time for instrumentations and samplers;
additional information includes the assigned model number for each deployed equipment.
Field Sampling Data Log

Field Staff: _________________________________________
Home ID: _______________________________________(e.g. H001V1)

Address: __________________________________________ City: __________________ State: _TN_
Zip: _________________
Phone: _______________________________

E-mail: ____________________________________

Location of the samplers:
_____________________________________________________________________________________
Serial Number

Deploy date:
________________

Collect date:
________________

_______________

Start time:
___________________

End time:
___________________

_______________

Start time:
___________________

End time:
___________________

Indoor
sampling
VOC
Passive
Sampler

Duplicate (if
any)
Blank

_______________

PM Sensor

_______________

Start time:
___________________

End time:
___________________

CO2 Meter

_______________

Start time:
___________________

End time:
___________________

(if any)
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Air filter

Mark home ID on
filter

Floor filter
sample

_______________

Vent filter
sample

_______________

Size:
_______________________
Time:
___________________
No. of Vents:
_________________

Time:
___________________

Take photos of the samplers and any signs of mold, VOC sources, neighborhood, etc.

Other Observations / Notes
______________________________________________________________________________________
Which one of the following is the best description of the street this residence is on? Is it a...
1.

Rural or country road

2.

Dead-end residential street

3.

Through residential street

4.

Commercial street

5.

Major highway

99.

Other:

77

Appendix B: University of Memphis Consent From
Consent to Participate in a Research Study
The Role of Home Environmental Intervention (HEI) in
A Multi-component Asthma Intervention
WHY ARE YOU BEING INVITED TO TAKE PART IN THIS RESEARCH?
You are being invited to take part in a research study about environmental triggers in the home that may be
causing your child to experience asthmatic symptoms more frequently. You are being invited to take part in
this research study because your child is diagnosed for asthma, and you are willing to participate in this
research. If your child takes part in this study, you will be one of about 80 households to participate.

WHO IS DOING THE STUDY?
The person in charge of this study is Dr. Chunrong Jia of the University of Memphis School of Public
Health. There may be other people on the research team assisting at different times during the study.

WHAT IS THE PURPOSE OF THIS STUDY?
The overall goal of this project is to collect data that may assist in identifying in-home asthmatic triggers. It
will explore the roles of indoor environmental exposures and life style (body weight) may have on the
severity of asthma symptoms. We will measure a variety of physical, chemical and biological asthma
triggers in households with asthmatic children over a 1-year period. With your permission, environmental
monitoring devices will be placed in your household for a 3-day period. By doing this study, we hope to
learn what particular environmental exposures contribute most to the child’s asthmatic symptoms. The
outcome of the study will hopefully result in better health for your child and the other members of the
household.
ARE THERE REASONS WHY YOU SHOULD NOT TAKE PART IN THIS STUDY?
If you foresee any reason to not commit to a follow up interview and environmental monitoring session,
you should not participate in this study.
WHERE IS THE STUDY GOING TO TAKE PLACE AND HOW LONG WILL IT LAST?
The research procedures will be conducted at your home where your asthmatic child lives. Our research
team will visit your residence and interact with your child 3 times during the study. Each event will consist
of a first visit for survey and sampler deployment (about 1 hour), and a second visit for device retrieval
(about 20 min).

WHAT WILL YOU BE ASKED TO DO?
You will be asked to participate in three meetings with the Lead Investigator and the UM field staff during
the study period. These will be the initial visit, and 6- and 12- month follow-ups. During these visits, you
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will be asked a questionnaire set out by U of M researchers. Environmental monitoring devices will be left
at your house for 3 days.

WHAT ARE THE POSSIBLE RISKS AND DISCOMFORTS?
To the best of our knowledge, the things your child will be doing as a part of this study have no more risk
of harm than your child would experience in everyday life.

WILL YOU BENEFIT FROM TAKING PART IN THIS STUDY?
There is no guarantee that you or your child will get any benefit from taking part in this study. However,
some people may experience reduced asthmatic symptoms and overall better health when participating in
this study. Your willingness to take part, however, may, in the future, help society as a whole better
understand this research topic.

DO YOU HAVE TO TAKE PART IN THE STUDY?
If you decide to allow your child take part in the study, it should be because your child really wants to
volunteer. You will not lose any benefits or rights you would normally have if your child chooses not to
volunteer. You and your child can stop at any time during the study and still keep the benefits and rights
your child had before volunteering. If you or your child decides not to take part in this study, your decision
will have no effect on the quality of care, services, etc., you and your child receives.

IF YOU DON’T WANT TO TAKE PART IN THE STUDY, ARE THERE OTHER CHOICES?
If you do not want to take part in the study, you can quit the study any time.

WHAT WILL IT COST YOU TO PARTICIPATE?
There are no costs associated with taking part in the study.

WILL YOU RECEIVE ANY REWARDS FOR TAKING PART IN THIS STUDY?
You will receive a $25 gift card for each study point (initial visit, and 6- and 12- month follow-ups)
received as part of this study.

WHO WILL SEE THE INFORMATION THAT YOU GIVE?
We will make every effort to keep private all research records that identify you to the extent allowed by
law.

Your information will be combined with information from other people taking part in the study. When we
write about the study to share it with other researchers, we will write about the combined information we
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have gathered. You will not be personally identified in these written materials. We may publish the results
of this study; however, we will keep your name and other identifying information private.
We will make every effort to prevent anyone who is not on the research team from knowing that you gave
us information, or what that information is. Children and households may be assigned numbers as
identifiers which may be used during data entry. The height and weight data will be collected on a
password protected laptop, and saved to a hard drive. This hard drive will be secured in the office of the
investigator.
We will keep private all research records that identify your child to the extent allowed by law. However,
there are some circumstances in which we may have to show your child’s information to other people. This
will occur when the investigator analyzes the data so that they may augment their intervention. For
example, the law may require us to show your information to a court or to tell authorities, if your child
report information about a child being abused or if you pose a danger to your child or someone else. Also,
we may be required to show information which identifies you to people who need to be sure we have done
the research correctly; these would be people from such organizations as the University of Memphis.

CAN YOUR TAKING PART IN THE STUDY END EARLY?
If you decide to take part in the study you still have the right to decide at any time that you no longer want
to continue. You will not be treated differently if you decide to stop taking part in the study.

The individuals conducting the study may need to withdraw you from the study. This may occur if you are
not able to follow the directions they give you, if they find that your being in the study is more risk than
benefit to you, or if the agency funding the study decides to stop the study early for a variety of scientific
reasons.

ARE YOU PARTICIPATING OR CAN YOU PARTICIPATE IN ANOTHER RESEARCH STUDY
AT THE SAME TIME AS PARTICIPATING IN THIS ONE?
You may still take part in this study if you are currently involved in another research study. It is important
to let the investigator/your doctor know if you are enrolled in another research study. You should also
discuss with the investigator before you agree to participate in another research study while you are
enrolled in this study.

WHAT HAPPENS IF YOU GET HURT OR SICK DURING THE STUDY?
If you believe you get hurt or sick because of something that is due to the study, you should contact the
investigator, Dr. Chunrong Jia at 901-678-2655 or cjia@memphis.edu. If it is an emergency, please call
901-219-0063 or (in extreme emergencies) dial 911.
It is important for you to understand that the University of Memphis does not have funds set aside to pay
for the cost of any care or treatment that might be necessary because your child get hurt or sick while
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taking part in this study. Also, the University of Memphis will not pay for any wages you may lose if you
are harmed by this study.
Medical costs that result from research related harm cannot be included as regular medical costs.
Therefore, the medical costs related to your care and treatment because of research related harm will be
your responsibility.
You do not give up your legal rights by signing this form.

WHAT IF YOU HAVE QUESTIONS, SUGGESTIONS, CONCERNS, OR COMPLAINTS?
Before you decide whether to accept this invitation to take part in the study, please ask any questions that
might come to mind now. Later, if you have questions, suggestions, concerns, or complaints about the
study, you can contact the investigator, Dr. Chungrong Jia at 901-678-2655. If you have any questions
about your rights as a volunteer in this research, contact the Institutional Review Board staff at the
University of Memphis at 901-678-2705. We will give you a signed copy of this consent form to take with
you.

WHAT IF NEW INFORMATION IS LEARNED DURING THE STUDY THAT MIGHT AFFECT
YOUR DECISION TO PARTICIPATE?
If the researcher learns of new information in regards to this study, and it might change your willingness to
stay in this study, the information will be provided to you. You may be asked to sign a new informed
consent form if the information is provided to you after you have joined the study.

WHAT HAPPENS TO MY PRIVACY IF I AM INTERVIEWED?
During interviewing by the UM field staff and/or the investigator, your responses will be recorded;
however your identity will be coded. Your information will be separated from personally identifiable
information through the use of code numbers. Personal information will be privy only to the research team.

WHAT ELSE DO YOU NEED TO KNOW?
The JPB Environmental Health Fellowship award is providing financial support and/or material for this
study.
______________________________________________________________
Signature of person agreeing to take part in the study

Date

______________________________________________________________
Printed name of person agreeing to take part in the study

______________________________________________________________
Name of [authorized] person obtaining informed consent
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Date

Appendix C: Questionnaire (11 pages)
Home Environmental Intervention
Exposure and Health Questionnaire
Before we start, I would like to tell you a few things about this questionnaire. Your participation in this
study is completely voluntary and all of your answers are completely private. Nothing you say will be used
to identify you or your household. Your answers will be combined with the answers we collect from
everyone who participates in our study. For each question, there are no right or wrong answers. Please take
as much time to think about your answers as you need. And please stop me if you have any questions about
what I am asking you. Altogether, this questionnaire should take about 30 minutes.
Do you have any questions before we start?
Date of Interview: _______________ (mm/dd/yyyy)

Interviewer Initials: ______________

SECTION I. DEMOGRAPHICS
D1. What is your relationship to the child? (Check ONE)
1.  Father
2.  Mother
3.  Grandfather
4.  Grandmother
99.  Other (please specify) ________________________
D2. What is your child’s gender?
1.  Male
2.  Female
3.  Other: specify______________
99.  Don’t Know
D3. How old is your child?
______________ years ________________months
99.  Don’t Know
88.  Refused to answer
D4. What is your child’s ethnicity? (Check BEST response)
1.  Black/African American
2.  White/Caucasian
3.  Asian/Oriental/Pacific Islander
4.  Native American
5.  Spanish/Hispanic
6.  Other (specify): __________________________________
D5. What is your child’s current height? _______ ft ________ inch (or _______ cm)
99.  Don’t Know
88.  Refused to answer
D6. What is your child’s current weight? ______________ lbs
99.  Don’t Know
88.  Refused to answer
D7. Including yourself, how many adults 18 years or older live in this residence? Count anyone who
spent at least 3 nights per week here for the last month or longer:
Number of adults______________
99.  Don’t Know
D8. Do you have any kind of health care coverage, including health insurance, prepaid plans such as
HMOs, or government plans such as Medicare?
1.  Yes
2.  No
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99.  Don’t Know
88.  Refuse to answer
SECTION II. YOUR HEALTH
2.1 General respiratory symptoms
H1. Has your child been diagnosed with asthma?
1.  Yes
2.  No
99.  Don’t know
H2.
1.
2.
3.
4.
5.
6.
99.

Has he/she ever experienced the following during the past 30 days while living in this home?
 Rashes
 Headaches
 Coughing
 Sneezing
 Sinus infections
 Eye irritation
 Don’t know

H3.
1.
2.
3.
4.
99.

Does he/she have any of the following allergies in the past 30 days?
 Pollen (hayfever)
 Dust mite
 Mold
 Food allergies
 Don’t know

2.2 Asthma severity survey
H4.
How old was your child when a doctor diagnosed
him/her with asthma? (Use your best guess)
H5.

H6.

H7.

H8.

H9.

H10.

H11.

During the past 4 weeks, how many times has your
child had wheezing – a whistling sound when breathing
out? (Use your best guess)
During the past 4 weeks, how many times has your
child had an asthma attack – or trouble breathing when
your child needed rests or extra medical care (such as
more medicines or trips to the doctor)?

_________Years ______Months

____________________ Times

____________________ Times

During the last 4 weeks, because of problems with
his/her asthma, how many times has your child been seen
in the emergency room?

____________________ Times

During the last 4 weeks, because of problems with
asthma, how many times has your child stayed overnight
in the hospital?

____________________ Times

During the last 4 weeks, how many times has your child
lost sleep or was awoken due to asthma symptoms?

____________________ Times

During the last 4 weeks, because of problems with
asthma, how many times has your child been seen in the
doctor’s office or clinic for a sick visit?

___________________ Times

During the past 4 weeks, how many days of school did
your child miss because of asthma?

______________________ Days

83

H12.
On a scale of 1 to 5, how serious is your child’s asthma in each season?
(1 = No problem at all; 5 = Very Severe)
Winter: ____________ Spring: ____________ Summer: ____________ Fall: ____________
H13.
Does your child currently use medicine for his/her asthma? (Check ONE)
 Yes, my child uses asthma medicine a few times a day
 Yes, my child uses asthma medicines once a day
 Yes, my child uses asthma medicines a few times per week
 Yes, my child uses asthma medicines only with symptoms
 No, my child does not use asthma medicines
H14.
Compared to this time last year, how is your child’s asthma? (Check ONE)
 Much better now than 1 year ago
 Somewhat better now than 1 year ago
 About the same as 1 year ago
 Somewhat worse than 1 year ago
 Much worse than 1 year ago
SECTION III – YOUR RESIDENCE
3.1 Residence characteristics
R1. What is the building type of your home?
1.  Apartment
2.  Condo
3.  Townhouse
4.  House
5.  Other: _______________
99.  Don’t know
R2. How long have you lived at this residence?
______________ Years ______________ Months
R3. Do you own or rent?
1.  Own
2.  Rent
99.  Don’t know
R4. When was your house built?
1.  Before 1950
2.  1950-1980
3.  1980-2000
4.  After 2000
99.  Don’t know
R5. Does your home have an attached garage?
1.  Yes
2.  No
99.  Don’t know
R6. How many rooms in your home have carpeting or rugs on the floors?
1.  None
2.  1 to 2
3.  3 to 4
4.  more than 4
99.  Don’t know
R7. Is the child’s bedroom carpeted?
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1.  Yes
2.  No
99.  Don’t know
1.2 Mold and moisture
R8. Do you currently have mold in your residence? (Mold is a growth of fungi on a surface. In a
residence, it usually appears as a dark patch of ‘fuzzy’ growth on a wall, ceiling or other surface that
has been wet for a period of time.) [Very small mold patches in and around bathroom tile should not
be included]
1.  Yes
2.  No
99.  Don’t know
R9. In what rooms did you see mold (Check all that apply)? Please indicate Yes or No for each.
Room
Yes
No
Don’t Know
1
Bathroom
1
2
99 
2
Living room
1
2
99 
3
1 Bedroom only
1
2
99 
4
More than 1 Bedroom
1
2
99 
5
Kitchen
1
2
99 
R10.

In the last year (12 months), have you smelled mold in your residence?
1.  Yes
2.  No
99.  Don’t Know
R11.

In a typical day, what is the total number of showers or baths taken in your residence?
1.  <1
2.  1
3.  2
4.  3
5.  4
6.  >4
99.  Don’t Know

R12.

Do you use the bathroom exhaust fan during or after showering/bathing?
1.  Yes
2.  No
99.  Don’t Know
R13.

Do you use a humidifier (especially during the winter months)?
1.  Yes
2.  No
99.  Don’t Know
1.3 Smoking and odor
R14.

Does anyone who lives in and visits your residence smoke in the residence?
1.  Yes
2.  No, not at all
99.  Don’t Know
R15.
If Yes, how many people smoke inside this residence? ______________
99.  Don’t Know
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R16.
If resident(s) AND/OR visitors smoke in residence, what is the approximate total number of
cigarettes smoked in your residence on a typical day? [If respondent gives range, probe to zero-in
on one number. If respondent says “don’t know,” or “not sure,” ask, “what is your best guess?”]
______ # of cigarettes smoked in residence (1 pack = 20 cigarettes)
99.  Don’t Know
R17.
In the past 30 days, has anyone, including yourself and visitors, smoked cigarettes, cigars, or pipes
anywhere inside your residence?
1.  Yes
2.  No
99.  Don’t Know
1.4 Pets
R18.

Do any pets live in the house all or part of the time?
1.  Yes
2.  No
99.  Don’t know

R19.

If Yes, what kind of pets and how many?
1.  Cat(s)
#:__________
2.  Dog(s)
#:__________
3.  Bird(s)
#:__________
4.  Other:__________ #:__________
99.  Don’t Know

1.5 Pests and pesticides
R20.
How often in the past 12 months have you seen [read each], or signs of [read each], in your
residence? Would you say, never, a few times a year, a few times a month, a few times a week, or
every day? (This includes actually seeing pests and signs of pests such as feces and droppings,
chewed packages, etc.)
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a
b
c
d

Mice/Rats
Cockroaches
Bed bugs
Other pests (not
including bed
bugs)
(e.g. spiders, ants,
flies, centipedes,
etc.)

Neve
r
1
1
1

Few
times a
year
2
2
2

Few
times a
month
3
3
3

Few
times a
week
4
4
4

Every
day
5
5
5

Don’t
Know
99 
99 
99 

1

2

3

4

5

99 

R21.
In the last 12 months, how frequently have you or someone in your residence used pesticides for
pest control?
1.  Never
2.  Few times a year
3.  Few times a month
4.  Few times a week
5.  Every day
99.  Don’t Know
1.6 Air conditioning and heating
R22.
1.
2.
3.
4.
99.
R23.

What type of air conditioner do you have (check all those apply)?
 No AC or never used any AC
 Central AC
 Window AC (or portable free-standing unit)
 Evaporative cooler
 Don’t Know
How often do you clean/replace the filter?
1.  Every 1 month
2.  Every 3 months
3.  Every 6 months
4.  Every >6 months
5.  Never
99.  Don’t know

R24.
How often do you typically open your windows? In the summer, would you say never, 1-2 days
per week…? How about in the winter?
1-2 days per
3-5 days per
Never
week
week
Every day
Don't Know
a. Summer
1
2
3
4
99
b. Winter
1
2
3
4
99
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R25.

What kind of fuel does the fireplace use?
1.  No fireplace
2.  Natural gas
3.  Wood
4.  Electricity
5.  Pellets (for Pellet stove insert)
6.  Ethanol
7.  Other: specify _______________
99.  Don’t Know

R26.
How often do you use the fireplace during the WINTER? Would you say never, daily, about once
a week, about once a month, about once a year, less than once a year?
1.  Never (for looks only)
2.  Daily
3.  About once a week
4.  About once a month
5.  About once a year
6.  Less than once a year
99.  Don’t Know
R27.

What type of heating system do you have in your residence? (Check all that apply)
Type
Yes
No
Don’t Know
1
Electric (baseboard/ radiator)
1
2
99 
2
Forced air (vent)
1
2
99 
3
Hot Water (baseboard/ radiator)
1
2
99 
4
Heat Pump
1
2
99 
5
Steam (radiator)
1
2
99 
6.
Other, specify: __________
1
2
99 

R28.

What type of heating fuel do you use at this residence?
1.  Natural gas
2.  Electric
3.  Fuel oil
4.  Propane
5.  Other: specify _______________
99.  Don’t Know

R29.

How would you describe typical living conditions in your residence during the WINTER?
1.  Hot
2.  Warm
3.  Slightly warm
4.  About right
5.  Slightly cool
6.  Cool
7.  Cold
99.  Don’t Know
R30.
How would you describe typical living conditions in your residence during the SUMMER?
1.  Hot
2.  Warm
3.  Slightly warm
4.  About right
5.  Slightly cool
6.  Cool
7.  Cold
99.  Don’t Know
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1.7 Cooking
R31.
What type of cooking fuel do you use in this residence? Is it natural gas, electric, propane, or
other?
1.  Natural gas
2.  Electric
3.  Propane
4.  Other: specify _______________
99.  Don’t Know
R32.

What type of fan or vent does your kitchen have to control cooking fumes?
1.  Exhaust fan - recirculating
2.  Exhaust fan – to the outside
3.  Fan in wall
4.  Passive trickle vent to outside
5.  Other: specify _______________
6.  No fan or vent
99.  Don’t Know

1.8 Consumer products
R33.
How often have you or someone in your residence used the following type of products in the last
12 months – for each product tell me if it has been used never, a few times a year, a few times a month,
a few times a week, or every day. [If respondent says “Don’t know,” or “Not sure,” ask, “What is
your best guess?”]

a
b

c
d
e

f
g
h

Spray air
fresheners
Other air
fresheners (e.g.,
plug-in, solid, etc.)
Candles
Incense
Spray-on surface
or glass cleaner
(e.g., 409,
Windex)
Bleach (e.g.,
Clorox)
Floor cleaner
Nail polish

Never

Few
times a
year

Few
times a
month

Few times
a week

Every
day

Don’t
Know

1

2

3

4

5

99 

1

2

3

4

5

99 

1
1

2
2

3
3

4
4

5
5

99 
99 

1

2

3

4

5

99 

1

2

3

4

5

99 

1
1

2
2

3
3

4
4

5
5

99 
99 

1.10 Time your child spends in your residence
R34.
How many hours does your child spend in your residence during a typical weekday? (Mon-Fri)
(Please walk participant through each time category)
a. Number of hours in the morning (8AM-12PM)
__________ [min=0; max=4]
99.  Don’t Know
b. Number of hours in the afternoon (12 PM- 4 PM) __________ [min=0; max=4]
99.  Don’t Know
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c. Number of hours in the evening (4 PM-10PM)
99.  Don’t Know
d. Number of hours at night (10 PM-8AM)
99.  Don’t Know

__________ [min=0; max=6]
__________ [min=0; max=10]

R35.
How many hours does your child spend in your residence during a typical weekend day?
(Sat & Sun)
a. Number of hours in the morning (8AM-12PM)
__________ [min=0; max=4]
99.  Don’t Know
b. Number of hours in the afternoon (12 PM- 4 PM) __________ [min=0; max=4]
99.  Don’t Know
c. Number of hours in the evening (4 PM-10PM)
__________ [min=0; max=6]
99.  Don’t Know
d. Number of hours at night (10 PM-8AM)
__________ [min=0; max=10]
99.  Don’t Know
1.11 Overall evaluation
R36.
Overall, how satisfied are you with the physical condition of your residence? Would you say
very satisfied, generally satisfied, generally dissatisfied, very dissatisfied?
1.  Very satisfied
2.  Generally satisfied
3.  Generally dissatisfied
4.  Very dissatisfied
99.  Don’t Know
R37.
On a scale of 0 to 10, where 0 is the worst and 10 is the best, how would you rate your residence
as a place to live?
______ Rating from 0 to 10
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